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Abbreviations and Acronyms 

 
Ac-ft/yr Acre feet per year 
ADF Average daily flow 
AEP Annual Exceedance Probability  
ANSI American National Standards Institute 
CFS Cubic feet per second 
CHCRWA Central Harris County Regional Water Authority 
COH City of Houston 
CR County Road 
CWA Coastal Water Authority 
DEM Digital Elevation Model 
EWPP East Water Purification Plant 
FM Farm-to-Market 
GPM Gallons per minute 
HGSD Harris Galveston Subsidence District 
HI Hydraulic Institute 
HP Horsepower 
LBITP Luce Bayou Interbasin Transfer Project 
LiDAR Light detection and ranging 
MGD Million gallons per day 
MSL Mean sea level 
MUD Municipal Utility District 
NEWPP Northeast Water Purification Plant 
NFBWA North Fort Bend Water Authority 
NHC North Harris County 
NHCRWA North Harris County Regional Water Authority 
NPSHR Net positive suction head required 
PER Preliminary engineering report 
ROW Right-Of-Way 
RWA Regional water authority 
RWP Regional water plan 
SCADA Supervisory Control and Detection Acquisition 
SEWPP Southeast Water Purification Plant 
SH State Highway 
SJRA San Jacinto River Authority 
TCEQ Texas Commission on Environmental Quality 
TDH Total dynamic head 
TRA Trinity River Authority 
TRNWR Trinity River National Wildlife Refuge 
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Executive Summary

Project Introduction and Overview

This Preliminary Engineering Report (PER) establishes all of the basic design aspects of the major
components of the Luce Bayou Interbasin Transfer Project (LBITP).  This PER is written in support of and
provides information for the Clean Water Act Section 404 Permit Application needed for construction.

The purpose of the LBITP is to provide additional surface water supplies to end users that utilize water
from Lake Houston.  Additional surface water supplies will be transferred to Lake Houston from the Trinity
River via the LBITP due to the increased surface water demand in the HarrisGalveston Subsidence
District Area 3. Increased demand in the area is being driven by the conversion from groundwater
supplies to surface water supplies.

The recommended concept for this interbasin transfer project includes a raw water intake structure and
pump station, nearly 3 miles of pipeline, a sedimentation basin, and approximately 23.6 miles of canal.
The pump station will be located on the Trinity River at Capers Ridge.  The pipeline will extend west
southwest approximately 3 miles along a geological ridge (Capers Ridge) to the watershed divide
between the Trinity River and the Lake Houston Watersheds.  The pipeline will then outfall into the
sedimentation basin at the start of the canal.  The canal will outfall into the lower reaches of Luce Bayou,
which flows into the northeastern corner of Lake Houston.

Trinity River Conditions

Several studies were conducted to comprehend the characteristics of the Trinity River at Capers Ridge
prior to beginning the preliminary engineering.  A hydraulic and sediment transport model was developed
to assess water surface elevation and sediment transport in the Trinity River.  Water surface elevations
were determined and are expected to range in elevation between 16.9 feet and 44.7 feet in the Trinity
River near Capers Ridge.  A bathymetric survey of the Trinity River at Capers Ridge was performed for
the purposes of the hydraulic model and preliminary engineering of the pump station intake.  The results
of the bathymetric model can be found in Appendix C.

The sediment transport analysis predicted great variation in suspended sediment concentrations in
relation to flow rate within the Trinity River.  Significant vertical and horizontal stratification in sediment
concentration is also predicted to occur during high flow events.  Peak concentrations of up to 10,000
mg/l are found in the bed load near the center of the river channel.  Suspended sediment concentrations
entering the pump station are anticipated to range from 20 mg/l to 1,800 mg/l.  To determine the size
distribution of particles suspended for different flows in the Trinity River, an analysis of suspended
sediment size distributions was prepared and provided in the report.

Under low flow conditions, Lake Livingston Dam operators monitor raw water withdrawals and release
only as much water from the dam as needed to meet all downstream water rights.  When the Capers
Ridge Pump Station comes online, the Trinity River Authority may have to release additional water during
otherwise low natural flows in order to meet the increased raw water demand associated with the LBITP.
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Project Capacity and Preliminary Operations Plan

AECOM received untreated water delivery requirements from the City of Houston (COH), which are
based on Water Supply Contracts between the COH and the other coparticipants (collectively known as
the Water Authorities), as well as existing raw water supplies and estimates of future COH demands from
Lake Houston.  The Water Supply Contracts specify estimated raw water demand allocations for the
Water Authorities for the years 2025, 2030, 2035, and 2040.  The City is authorized to divert a maximum
of 775 cubic feet per second (500 million gallons per day [MGD]) from the Capers Ridge diversion point.

The LBITP capacity is planned to be phased.  Construction of the initial supply is mandated to be
completed no later than June 30, 2019 by the project’s contract between the Coastal Water Authority
(CWA) and the COH, and the pump station may be expanded to full capacity in subsequent years as
dictated by future demand.  Accordingly, untreated water delivery requirements to Lake Houston received
from the COH are identified for two phases, 2020 and 2040.  Losses along the canal system, estimated to
be 15 percent of the total pumped volume, were added to the untreated water delivery requirements.
Based on untreated water delivery requirements and estimated canal losses, the required LBITP capacity
is projected to be 230 MGD in 2020 and 425 MGD in 2040.

Several portions of the project will be constructed to convey the maximum allowable water right, including
the intake structure, electrical service, pipeline, settling basin, and canal structure. Typical operations at
the Capers Ridge Pump Station will follow certain guidelines in order to achieve various goals.  For
example, at least one pump will operate at the Capers Ridge Pump Station during nonflood conditions to
preserve flow in the canal, maintain a relatively stable water surface elevation, and reduce sloughing in
the channel.  Pumping will not occur during extreme flood events.  It is anticipated that LBITP will
normally be taken out of operation during times when Lake Houston is overflowing the spillway due to a
rate of inflow that exceeds demand.

Pump Station Facilities

The major raw water pump station facilities will include a sidechannel river intake, trash rack, trash rack
cleaning mechanism, sediment settling basin, pump bay, vertical pumps, and a discharge header outfitted
with various check, isolation, and air release valves.

Three duty pumps and no redundant pumps were selected as the preferred configuration to provide the
required LBITP Phase 1 capacity and to satisfy raw water demand up to the year 2025.  In Phase 1,
under typical Trinity River conditions, each pump will pump between 53,200 gpm and 56,500 gpm,
depending on the number of pumps in operation and final pumps selected. Up to five additional pumps
can be added as necessary to meet future demands.  An additional three duty pumps can be added to
provide a total pumping capacity capable of meeting the projected 2040 LBITP capacity requirement of
425 MGD.  Two further pumps can then be added to equal a total of eight installed pumps.  A firm
pumping capacity of 500 MGD and a total pumping capacity of 557 MGD can be achieved with eight
pumps if the impellers of all eight pumps are changed to larger diameter.

The American National Standards Institute (ANSI) / HI American National Standard for Pump Intake
Design, Version 9.8, Copyright 1998 (HI Version 9.8), was used to establish the preliminary layout and
design of the proposed Capers Ridge Pump Station.  These dimensions are shown in Exhibits B 9 and
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B10 of the PER Volume II.  Calculations, a summary table, and additional information are provided in
Appendix ASection III.

The intake structure will be designed to meet velocity constraints through the trash rack and intake,
exclude as much sediment as is practical, and withdraw the required flow under anticipated minimum
water surface elevations.  The intake will have a total width of 118.5 feet, an interior of 112.5 feet, and an
intake elevation of 12 feet, which is 4.9 feet below the minimum anticipated water surface elevation.

The trash rack will be designed to prevent debris from entering the pump station, potentially damaging the
pumps and mechanical equipment.  AECOM recommends a trash rack bar spacing of 2 inches.  The
trash rack cleaning mechanism will remove trash and debris from the trash rack on a routine basis to
maintain the pump station’s capacity.  Hydraulically operated articulating boom mechanisms were
identified by the AECOM design team as the most effective solution available.

To minimize damage to the impeller, bearings, and wear rings, selective extraction of course sediment
ahead of the pumps is recommended.  A 40’ prepump settling basin will be provided to remove all coarse
sands and to minimize concentrations of medium to fine sands to the maximum extent practical.  Multiple
options for removing, handling, and storing settled sediment are provided and will be further developed in
a later phase of the design and based on owner preferences.

Conveyance System

The Conveyance System for the LBITP project consists of three major sections: a pipeline section, a
sedimentation basin section, and a canal section.  The capacity of the conveyance system will be 500
MGD.  The pipeline section consists of approximately 3 miles of dual 108” pipelines that begin within the
Capers Ridge Pump Station.  The conveyed water within the pipelines will then empty into the
sedimentation basin where sediment and other buildup settle out of the flow along the bottom of the
basin.  After the conveyed water passes through the sedimentation basin, it enters the canal section.  The
canal is approximately 23.6 miles long and empties into an outfall structure located in Lake Houston.
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Section 1 – Project Introduction and Overview

1.1 Introduction

This document represents the Preliminary Engineering Report (PER) for the Luce Bayou Interbasin
Transfer Project (LBITP).  This PER establishes all basic design aspects of the LBITP, anticipated to
be required for the Section 404 Permit.  Key components of the project include the raw water pump
station, transfer pipeline, settling basin, canal, and outfall.  General facility layouts, sections, and
equipment selections have been developed for the pump station facilities and settling basin, and
general plan and profile sections have been developed for the pipeline and canal.  Additional
information required for the Section 404 Permit is also provided herein, in support of that permitting
effort.

1.2 Overall Purpose of Project

The purpose of the LBITP is to transfer water from the Trinity River to Lake Houston, which is the San
Jacinto River Basin.  Additional surface water supplies are needed due to the increased surface water
demand in the HarrisGalveston and Fort Bend Subsidence Districts that is being driven by the
conversion from groundwater supplies to surface water supplies. The additional surface water
supplies will be transferred to Lake Houston from the Trinity River via the LBITP.

1.3 Background Information

HarrisGalveston Subsidence District (HGSD) Area Three is being progressively converted from
groundwater to surface water. Eighty percent of their total water usage must be from surface water by
January 1, 2030. Existing infrastructure allows for the transfer of Trinity River water to the City of
Houston (COH) East Water Purification Plant (EWPP) and the Southeast Water Purification Plant
(SEWPP).  However, there is currently no way of providing raw Trinity River water to the Northeast
Water Purification Plant (NEWPP), which treats water from Lake Houston.  Due to its location, the
NEWPP is vital in providing treated surface water to HGSD Area Three.  Previous studies have
shown that Lake Houston and NEWPP cannot meet future demands with their current capacity.
Sufficient raw water in Lake Houston and treatment capacity in the NEWPP is not currently available
to allow for the mandatory conversion from groundwater to surface water.  The LBITP will provide the
additional raw water resources necessary to satisfy these demands.  The LBITP is a regional water
supply project to transfer raw water from the Trinity River Basin (including raw water originating from
Lake Livingston) to customers that receive water from Lake Houston.

The COH holds permits to divert raw water at a maximum rate of 775 cubic feet per second (CFS)
(approximately 500 million gallons per day [MGD]) from the Capers Ridge site to Lake Houston.  The
Certificates of Adjudication are numbered 084261 and 084261B.

The LBITP planning, permitting, and preliminary engineering are being financed by a $28 million
Texas Water Development Board Water Infrastructure Fund (WIF) Loan.

1.4 Project Participants

The LBITP is being implemented by the Coastal Water Authority (CWA) as authorized by the COH.
CWA is a Conservation and Reclamation District created by the Special Act of the Texas Legislature
in 1967.  CWA has been given authority to transport and deliver water inside and outside of the three
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county area of Chambers, Liberty, and Harris Counties.  Participating third parties in the LBITP
include COH, North Harris County Regional Water Authority (NHCRWA), West Harris County
Regional Water Authority (WHCRWA), Central Harris County Regional Water Authority (CHCRWA),
and North Fort Bend Water Authority (NFBWA), herein referred to as the CoParticipants. Other
entities may benefit from the LBITP in the future.

1.5 Project Description

The recommended concept for this interbasin transfer project includes a raw water pump station (the
Capers Ridge Pump Station), approximately 3 miles of pipeline, a sedimentation basin, and
approximately 24 miles of open canal, as shown in Exhibit A1 and Exhibit A2 of PER Volume II.
The pump station will be located on the Trinity River, in an area primarily above the 100year
floodplain, known as Capers Ridge, which is approximately 18 miles south of Romayor and was
previously owned by the COH. CWA purchased the property from COH in 2010. The pipeline extends
westsouthwest approximately 3 miles along the geological ridge (Capers Ridge) between the Trinity
River and the Lake Houston Watersheds where it outfalls into the sediment basin at the start of the
canal. The canal then continues westsouthwest through Liberty County and into the northeast portion
of Harris County east of Lake Houston.  To the maximum extent possible, the route was selected to
minimize environmental impacts and ROW acquisition costs while providing sufficient conditions for
operation of the canal.  The canal will outfall into the lower reaches of Luce Bayou, which flows into
the northeastern corner of Lake Houston.

The LBITP capacity will be based on untreated water delivery requirements provided by the City of
Houston (COH) and estimated canal losses.  Untreated water delivery requirements provide by the
COH are based on Water Supply Contracts between the COH and the other coparticipants
(collectively known as the Water Authorities), existing water supplies, and estimates of future COH
demands from Lake Houston.  The Water Supply Contracts specify estimated raw water demand
allocations for the Water Authorities for the years 2025, 2030, 2035, and 2040.  The pump station will
be constructed in two or more phases.  The Phase 1 pumping capacity will be approximately 230
MGD.  This pumping capacity will be sufficient to supplement the Lake Houston water supplies so
that raw water demands will be satisfied up to the year 2025.  Subsequent phases may include the
expansion of the pumping station to the ultimate firm capacity permitted, 500 MGD.  Certain aspects
of the project will be designed in Phase 1 to accommodate the ultimate capacity permitted.  These
project aspects include the raw water intake, pump station structure, electrical power supply, pipeline,
sedimentation basin, and canal.

Prior to the initial delivery of LBITP water, the NEWPP will require expansion to treat additional raw
water.

1.6 Previous Work Completed

AECOM received notice to proceed on the definition, preliminary engineering, and permitting of the
LBITP on April 19, 2006.  In January 2007, AECOM completed the Purpose and Need Assessment
and the Alternative Analysis.  These reports establish the preliminary need for the project and the
most cost effective and environmentally acceptable project alternative.  In 2008, AECOM began
preparation of permit applications for the various agencies with jurisdiction over this project.  As part
of the permit preparation, significant field work was conducted in approximately 70 separate parcels
of land.  This field work included environmental evaluation, archeological study, wetland mitigation,
and survey of endangered species.  Also in 2008, AECOM initiated detailed topographical and
boundary survey, geotechnical assessment, hydraulic modeling, construction feasibility evaluation
and aspects of the preliminary engineering report necessary to support the permitting process. In
March 2010, AECOM completed and submitted the Clean Water Act Section 404 Permit Application
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for the Luce Bayou Interbasin Transfer Project. A substantially complete PER was required for
submittal of the permit application.

1.7 Project Schedule

The ultimate project schedule is dictated by the January 1, 2020 HGSD conversion deadline of 70
percent surface water in HGSD Area 3 and as specified in the contract between CWA and COH. To
meet this date, the project must be constructed and operational no later than June 30, 2019.  A
Preliminary Project Schedule is provided in Appendix D1.
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Section 2 – Trinity River Conditions
It is necessary to understand the characteristics of the Trinity River at Capers Ridge prior to
beginning the preliminary engineering.  In order to determine the depth, width, and extent of the
intake, an understanding of the hydraulic nature and extreme conditions that may occur within the
river is necessary.  Similarly, in order to properly prepare to manage and control the volume of debris
and sediment that may enter and impact the pump station, the concentration and characteristics of
these factors within the river must be known.  This section presents an analysis of the following
existing Trinity River conditions that will affect the project design and operation:

•  Historical Trinity River flows

•  Anticipated water surface elevations (WSEs) at the proposed Capers Ridge Pump Station for
various flow rates

•  Suspended sediment concentrations for various flow rates

2.1 Statistical Minimum Flow Analysis

A United States Geological Survey gaging station is located on the Trinity River near the town of
Romayor, approximately 18 miles north of the Capers Ridge Pump Station Site.  AECOM performed
a statistical analysis of historical flow data obtained from this gage for the Trinity River at Romayor,
Texas.  The purpose of the statistical analysis is to understand the low flow characteristics of the
Trinity River as they hydraulically relate to the proposed intake of the pump station.  Certain low
percentile flows were identified from the historical record for various periods and provided in Table
21.

Table 21  Statistical Low Flow Analysis

Time Period Comments
Trinity River Flow at Romayor

1%
(cfs1)

5%
(cfs1)

10%
(cfs1)

19252009 Full Record* 220 405 625
19251968 PreDam 182 312 448
19702009 PostDam 366 731 933
19892009 Last 20 years 757 918 1,040

19992009 Last 10 years 777 935 1,030
*Full record is based on all complete years on record.  Data began to be recorded in May of 1924.  This year was
excluded from the analysis due to it being incomplete.
1 CFS= cubic feet per second

This analysis revealed significant increases in low flow over the period of record.  This increase can
be attributed to the construction of the Livingston dam, dam releases during low flow conditions
(discussed in Section 2.3), and a general increase in rainfall in the region which occurred over the
past 20 years.
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2.2 WSE Modeling

W.F. Baird & Associates (Baird) completed a hydraulic and sediment transport study of the Trinity
River near Capers Ridge to assess WSE and sediment transport in the Trinity River.  This effort was
conducted to assess potential effects of the project on flow rate, WSE, and sediment erosion and
deposition within the river and better understand river characteristics as they pertain to the design of
the intake.  The hydraulic models were calibrated versus a detailed set of recorded WESs obtained
during a low flow period in May 2009. Table 22 lists WSEs determined by the hydraulic model for
the proposed Capers Ridge Pump Station site for a variety of flow events.  A report detailing the
hydraulic and sediment transport modeling efforts is provided in a separate report developed by Baird
titled Luce Bayou Interbasin Transfer Project Hydrodynamic and Sedimentation Modeling, January
2010, Report No. 11208.101.  A bathymetric survey of the Trinity River at Capers Ridge was
conducted for the purpose of the hydraulic model and preliminary engineering of the pump station
intake.  The results of the bathymetric model are presented in Appendix C.

Table 22  Hydraulic Model Results at Proposed Pump Station Intake

Flow
(cfs) Description WSE

(ft)
1,000 Low Flow Scenario 1 16.9
1,500 Low Flow Scenario 2 17.8
3,000 Approximate Median Flow 19.8
6,000 Flow Scenario 3 22.3

48,600 2year Design Flow 35.6
73,100 5year Design Flow 41.5
88,300 10year Design Flow 42.1

130,000 100year Design Flow 44.0
159,500 500year Design Flow 44.7

2.3 Effects of Lake Livingston Dam Operation

During median flow conditions in the Trinity River, sufficient flow is present to meet all downstream
water rights.  Under low flow conditions, Lake Livingston Dam operators carefully track raw water
withdrawals and release only as much water from the dam as needed to meet all downstream water
rights.  Over the past 20 years, flows have generally been maintained above 757 CFS (the
1 percentile flow as calculated in Table 21) through releases from the Lake Livingston Dam.  When
the Capers Ridge Pump Station comes online, the Trinity River Authority will continue to release
additional water during natural low flows in order to meet the raw water demand associated with the
LBITP.  Total Trinity River withdrawals by the COH will not exceed existing permitted values.

2.4 Future Anticipated Minimum Water Surface Elevations

Future minimum flow rates were determined by AECOM through a Water Rights Analysis Package
(WRAP) modeling exercise.  The WRAP model uses naturalized flow and precipitation data in
conjunction with information about manmade infrastructure and surface water rights to calculate
streamflows for a flow network.  For each condition modeled, WRAP executes a 57year simulation at
a monthly timestep.
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As part of the exercise, future natural flow conditions were predicted and based on the available
historic flow record, dating from 1925 through the present.  The future natural flow conditions were
then compared to the projected future raw water demand in the Trinity River.  The future minimum
flow rate was determined to be the greater of the two values, since Lake Livingston will artificially
increase flow rate in the river on days when natural flow would otherwise have been less than the raw
water demand from the Trinity River. Table 23 presents two low flow scenarios at various pump
station withdrawal rates.  Two low flow scenarios are presented since, at low flow, the Trinity River
flow rate is dependent on the amount of water being withdrawn from it on a given day, as discussed
in Section 2.1.

Table 23  Low Flow Scenarios and WSEs at Capers Ridge Pump Station

2.5 Sediment Transport Analysis

The Trinity River is a dynamic, lowgradient coastal plain river, which actively transports large
quantities of sand and sediment during flood events.  The river is characterized by significant bank
erosion, point bar creation, and channel migration.  Understanding sediment transport in this sand
bed river is critical for the design of the proposed Capers Ridge Pump Station as high levels of
sediment can significantly increase wear on pump components and thus increase maintenance costs.
Baird was subcontracted to develop a hydraulic and sediment transport model of the Trinity River to
predict sediment transport, sediment size, and expected sediment concentrations for a wide variety of
flows.

A detailed description of the sediment transport modeling performed is included in separate report
developed by Baird, and only a summary of key findings is included in this report.  The sediment
transport model for the Trinity River was calibrated using a combination of new field samples of
suspended sediment, bed sediment, and bank sediment near Capers Ridge and historic samples of
suspended sediment concentration and sediment distribution at the USGS gaging station near
Romayor, TX.

It was found that only a minimal amount of sediment from the river bed (bed load) is suspended
during flows less than 48,600 CFS, the 2year Design Flow in the Trinity River.  At low flow, minimal
sand is entrained and only clays and silts are suspended in the water column.  This suspended
concentration of clays and silts is referred to as wash load because it is typically washed in from the
surrounding water shed.  For these circumstances, Baird recommended that historical suspended
sediment concentrations obtained from prior field samples be used to predict suspended sediment
concentrations. Figure 21 shows the correlation of suspended sediment concentration for low flow
conditions with discharge.  Based on a statistical analysis of historical suspended sediment
concentration data, Baird developed a best fit curve for uniformly distributed suspended sediment
carried in low flows, which is shown in Figure 21.  The concentrations provided in Table 24 were
determined using the best fit line provided in Figure 21.  For this exercise, low flows are considered

Flow Scenario Flow Rate
(cfs)

Approximate WSE
(feet)

Minimum Anticipated
Flow Rate When Pumping
56,500 gpm (81.4 MGD),

1 Pump

958 16.9

Minimum Anticipated
Flow Rate When Pumping

500 MGD
1,490 17.8
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to be those less that 48,600 cfs and high flows are considered to be equal to or greater than 48,600
CFS.

Figure 21  Correlation of Suspended Sediment Concentration with Discharge at Romayor

Table 24  Low Flow Suspended Sediment Concentration

Flow
(cfs) Description Concentration

(mg/l)
1,000 Low Flow Scenario 1 19
1,500 Low Flow Scenario 2 20
3,000 Approximate Median Flow 21
6,000 Flow Scenario 3 25
8,600 Midlevel Flow Scenario 1 28
20,000 Midlevel Flow Scenario 2 50

For high flows, a single suspended sediment concentration cannot be provided due to the significant
vertical and horizontal stratification in sediment concentration that occurs near Capers Ridge.  Peak
concentrations of up to 10,000 mg/l are found in the bed load near the center of the river channel,
over the existing point bar.  Concentrations at the bank, where the proposed Capers Ridge Pump
Station is located, are approximately 10 percent of the concentrations found in the channel center for
the 2, 5, and 10year design floods.  Significant vertical stratification is also found.  Concentrations
near the surface are approximately 20 percent of the bed load concentration for the 2year design
flood and approximately 5 percent of the bed load or less for the lowerfrequency flood events.
Significant drops in concentration, between 30 percent and 75 percent, are found when comparing
bed load concentration to the concentration at an elevation 5 to 7 feet above the channel invert.  This
will become an important factor when determining the raw water intake elevation.  An example of the
significant vertical and horizontal stratification for a high flow event (5year flood) is shown in Figure
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22.  Additional figures for other flow scenarios are provided in Appendix I7 of the separate report
developed by Baird.  In these figures, WSE and river bed elevation are provided and measured on
the left yaxis.  Suspended sediment concentration is shown for six different WSEs within the cross
section and measured on the right yaxis.  Concentration 1 correlates to the concentration at the river
bed.  Concentration 2 correlates to the suspended sediment concentration at a depth within the
crosssection that equals to 20 percent of the total water depth.  For example, if the total water depth
is 10 feet, Concentration 2 would provide the suspended sediment concentration at a depth 2 feet
above the bed elevation.  Concentration 3 through Concentration 6 correlate to the suspended
sediment concentration at a depth equal to 40 percent, 60 percent, 80 percent, and 100 percent of
the water column, as measured from the riverbed, moving upward.

Figure 22  CrossSection Profile of Trinity River Bed Elevation and Sediment Concentration
for 5Year Design Flow at the Capers Ridge Pump Station
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For high flows, suspended sediment concentrations entering the pump station were predicted from
the sediment transport models developed by Baird.  Concentrations determined by the model at an
elevation of 17 feet (midpoint of sluice gate controlling flow into the intake) and a distance of
approximately 80 feet from the western top of bank were used to predict the quality of water entering
the pump station.  This data is shown in Table 25 and was taken from Figure 23.  Figure 22 shows
concentrations for multiple storm events at a point horizontally even with the start of the intake
approximately 80 feet from the western top of bank.  A full report summarizing concentrations
throughout the entire river cross section is included the separate report developed by Baird.
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Table 25  High Flow Suspended Sediment Concentration

Flow
(CFS) Description Concentration

(mg/l)
48,600 2year Design Flow 700
73,100 5year Design Flow 450
88,300 10year Design Flow 500

130,000 100year Design Flow 1,500
159,500 500year Design Flow 1,800

Figure 23  Suspended Sediment Concentration Profiles for Different Flood Events

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

0 500 1000 1500 2000 2500 3000 3500 4000

El
ev

at
io

n 
(m

, N
V

G
D)

Concentration  (mg/l)

2year Event

5year Event

10year Event

100year Event

500year Event

Concentrations in the 2year event are higher than those in the 5 and 10year events because the
2year event is contained inside the regular channel banks.  For larger storms, the wide floodplain fills
with floodwater and reduces velocity and suspended sediment carrying capacity.

To determine the size distribution of particles suspended for different flows in the Trinity River, Baird
prepared an analysis of suspended sediment size distributions for a series of samples taken over a
range of flows).  The sediment distribution for several key flow rates are shown in Table 26.
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Table 26  Suspended Sediment Size Distribution

Flow
(cfs)

% Clay and
Silt

(33 microns)

% Very Fine
Sand

(94 microns)

% Fine
 Sand

(188 microns)

% Medium
Sand

(375 microns)

% Coarse
Sand

(750 microns)

1,000 100 0 0 0 0
5,000 82 18 0 0 0
20,000 55 13 27 5 0
40,000 42 15 32 7 4
60,000 34 15 35 8 8
80,000 27 15 39 9 10

100,000 20 18 41 9 12
150,000 15 15 45 10 15
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Section 3 – Project Capacity 
 

3.1 Introduction and Overview 
This section will present assumptions used for developing the projected Phase 1 and Ultimate Luce 
Bayou Interbasin Transfer Project (LBITP) capacity requirements.  Co-participants within Harris County 
are subject to surface water conversion requirements of Harris Galveston Subsidence District (HGSD) 
Area Three, which mandates that groundwater pumpage be reduced by 30 percent, 70 percent, and 80 
percent in the years 2010, 2020, and 2030, respectively.  The North Fort Bend Water Authority (NFBWA) 
is subject to groundwater reductions of 30 percent by 2013 and 60 percent in 2025 as mandated by the 
Fort Bend Subsidence District.  

AECOM received untreated water delivery requirements from the City of Houston (COH), which are 
based on Water Supply Contracts between the COH and other co-participants (collectively known as the 
Water Authorities), existing water supplies, and estimates of future COH demands from Lake Houston.  
The Water Supply Contracts specify estimated raw water demand allocations for the Water Authorities for 
the years 2025, 2030, 2035, and 2040.  The COH is authorized to divert water from multiple points on the 
Trinity River at a combined maximum rate of 2,197 MGD  as designated by the Certificate of Adjudication 
No. 08-4261 and as amended by Certificate No. 08-4261B.  The City is authorized to divert a maximum of 
775 CFS (500 MGD) of this combined rate specifically at the Capers Ridge diversion point.  

3.2  Demand Summary 
Water Supply Contracts between the COH and the Water Authorities will be accommodated through COH 
infrastructure, which includes the Northeast Water Purification Plant (NEWPP) and the East Water 
Purification Plant (EWPP).  The NEWPP will satisfy the entire surface water demand for the NHCRWA 
and CHCRWA.  The West Harris County Regional Water Authority (WHCRWA) and NFBWA will receive 
surface water from both the NEWPP and the EWPP.  In addition to surface water demands for the Water 
Authorities, the COH will require surface water supply for other COH customers at the NEWPP and 
EWPP.  The EWPP receives surface water from Lake Houston via the West Canal in addition to CWA’s 
Main Canal, which conveys surface water from the Trinity River.   

The LBITP capacity is planned to be phased.  Construction of LBITP Phase 1 is contractually mandated 
to be completed no later than June 30, 2019.  The Capers Ridge Pump Station may be expanded to full 
capacity in subsequent years as dictated by future demand.  Accordingly, untreated water delivery 
requirements received from the COH are identified for two phases, 2020 and 2040.  Losses along the 
canal system, estimated to be 15 percent of the total pumped volume, were added to the untreated water 
delivery requirements.  Based on untreated water delivery requirements and estimated canal losses, the 
required LBITP capacity is projected to be 230 MGD in 2020 and 425 MGD in 2040.  Untreated water 
delivery requirements are based on Water Supply Contracts between the COH and the Water Authorities, 
existing water supplies, and estimates of future COH demands from Lake Houston.  Table 3-1 shows 
Lake Houston supply requirements.  Table 3-2 shows the estimated LBITP capacity in 2020 and 2040.  
Figure 3-1 graphically displays the project capacity requirements.  The 2020 project capacity is 
anticipated to satisfy demands through the year 2025 based on the Water Supply Contracts between the 
COH and the Water Authorities. 
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1. From initial water supply contracts between Water Authorities and City of Houston 

Water Supply Contract Between the City of Houston, Texas And The North Harris County Regional Water Authority, 2003 

Water Supply Contract Between the City of Houston, Texas And The West Harris County Regional Water Authority, 2003 

Water Supply Contract Between the City of Houston, Texas And The Central Harris County Regional Water Authority, 2003 

Water Supply Contract Between the City of Houston, Texas And The North Fort Bend Water Authority, 2008 

2. Total Untreated Demand Reservation which also equals 2040 untreated demand estimate; taken from: 

First Supplement to Water Supply Contract Between the City of Houston, Texas And The North Harris County Regional Water Authority, 2009 

First Supplement to Water Supply Contract Between the City of Houston, Texas And The West Harris County Regional Water Authority, 2008 

First Supplement to Water Supply Contract Between the City of Houston, Texas And The Central Harris County Regional Water Authority, 2008 

First Supplement to Water Supply Contract Between the City of Houston, Texas And The North Fort Bend Water Authority, 2008 

3. Values from First Supplements to Water Supply Contracts referenced in Note 2 

 

 3-2  
 

 

Table 3-1 Lake Houston Supply Requirements (MGD) 

Authority 

A B C D 

2020 Lake 
Houston Supply 
Requirements 

(A + C - D) 

2040 Lake 
Houston Supply 
Requirements  

(B - D) 

Original 
Contracted 

Reservation

Revised 
Contracted 

Reservation1 

2025 
Contract 
Demand 
Estimate

2 

EWPP 
Supply 

3 

NHCRWA 31 159 90.9 0 121.9 159 

WHCRWA 28.25 110.3 55.9 28.25 55.9 82.05 

CHCRWA 2.12 6.3 3.26 0 5.38 6.3 

NFBWA 19.5 75.3 34.1 19.5 34.1 55.8 

COH - 
NEWPP N/A N/A N/A N/A 80 140 

COH - 
EWPP N/A N/A N/A N/A 60 80 

Total 357 523 

Table 3-2 Projected LBITP Capacity (MGD) Requirements 

 
Year 2020  2040 
Total Lake Houston Supply Requirements 357 523 

Existing Lake Houston Water Right -162 -162 
Subtotal - Additional Untreated Water Supply Needed 195 361 
15% Canal Loss 35 64 
Total LBITP Capacity 230 425 
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Section 4 – Pump Station Facilities

4.1 Introduction

This section discusses the pump station facilities that are planned for the LBITP.  Included herein is a
description of the regulations, design factors, calculations, assumptions, and preferences that were
used to develop the preliminary pump station design.  A summary of the project capacity is included
in Section 3.  Calculations that support the design decisions are provided in Appendix A.  Exhibits
pertaining to the pump station are provided as Exhibits B1 through B17 in PER Volume II.

4.2 General Pump Station Facilities Description

The major raw water pump station facilities will include a sidechannel river intake, trash rack, trash
rack cleaning mechanism, sediment settling basin, pump bay, vertical pumps, and a discharge
header outfitted with various control, isolation, and air release valves.  Additional facilities will be
provided onsite to facilitate the operation and maintenance of the pump station.  These facilities
include the electrical service with substation, electrical switchgear building, control building,
maintenance building, sediment handling facilities, and raw water meters.  A potable and process
water system will also be provided, as well as sanitary facilities.  General site improvements will also
be constructed, including site paving, site drainage, and river bank stabilization.

4.3 Pump Station Location

The pump station will be located on the western bank of the Trinity River at a location known as
Capers Ridge in Liberty County, approximately 18 miles south of Romayor.  This site was selected as
the pump station location in a previous scope of work documented in a report titled Luce Bayou
Interbasin Transfer Project, Alternative Analysis, completed in January 2007 for the Coastal Water
Authority by AECOM.  Nine alternative delivery methods were evaluated and compared as part of the
2007 Alternatives Analysis.  The selected alternative that included the use of the Capers Ridge
serves as the basis of this preliminary engineering report and was selected through the use of a multi
variable environmental constraints matrix. The location of the pump station site is shown on Exhibit A
1.

4.4 Raw Water Pumps

The purpose of this section is to discuss the preliminary pump design and pumping strategy for the
proposed Capers Ridge Pump Station.  This section will discuss the methodology for selecting the
pump type, size, and operational parameters for the initial phase of pump station operation with
consideration of the ultimate permit capacity.  Pump bay dimensions were also determined and are
presented in Appendix A – Section III.  A more detailed description of the project demand and
operation is provided in Section 3.

4.4.1 Pump Capacity

As discussed in detail in Section 3, the capacity and pumping strategy of the proposed Capers Ridge
Pump Station is based on untreated water delivery requirements provided by the City of Houston
(COH) and anticipated canal losses.  Untreated water delivery requirements are based on Water
Supply Contracts between the COH and the Water Authorities, existing water supplies, and estimates
of future COH demands from Lake Houston.  Project capacity requirements for the years 2020 and
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2040 are shown in the Table 41 and further discussed in Section 3.  A pump station capacity of
approximately 230 MGD is expected to meet projected water demands up to the year 2025 based on
the Water Supply Contracts between the COH and the Water Authorities.  However, accelerated
growth in demand may require expansion of pumping capacity before 2025.

Table 41 Project Capacity Requirements

Year Capacity
(MGD)

2020 230
2040 425

Pump Station construction is anticipated to be completed in two or more phases. In Phase 1, portions
of the pump station will be constructed to meet the ultimate potential project capacity.  These portions
include the pump station structure, intake, and electrical service, and will be constructed to convey up
to 500 MGD, as is allowed by the COH’s water rights.  Mechanical equipment provided in Phase 1,
including pumps, will be constructed to meet project capacity requirements for the year 2020, which is
230 MGD.  Future expansions of the pump station will be completed as necessary to provide a firm
capacity of up to 500 MGD.  Up to five additional pumps can be added to the Phase I pump station to
allow future expansion of its capacity.  An additional three duty pumps can be added to provide a total
pumping capacity capable of meeting the projected 2040 project capacity requirement of 425 MGD.
Two additional pumps can then be added for a total of eight installed pumps.  A firm pumping
capacity of 500 MGD and a total pumping capacity of 557 MGD can be achieved with eight pumps if
the impellers of all eight pumps are exchanged for larger diameters.

4.4.2 Pump Selection Criteria

A total of eight pump bays will be provided at the Capers Ridge Pump Station.  As is described in the
preceding section, the pumps will be phased in over time to meet increasing demand.  It is planned
that similar sized, constant speeds pumps will be utilized, each having a pump capacity that varies
between 69,500 gpm and 49,200, depending on pumping conditions.  The number and size of pumps
were determined based on a review of available pumps and pump curves.  Emphasis was placed on
meeting selected design points described in Section 4.4.4 while maintaining high pumping
efficiencies.  In addition, cost optimization, maintenance requirements, and operational constraints
were also considered in the preliminary pump selection.

Cost optimization is based on consideration of both capital cost and operational cost.  Special
consideration is given to operational costs, especially in terms of the relationship between pumping
rates, velocities, and pumping costs.  Maintenance costs are based on the number of pumps, types,
and motors to be serviced.  Operational constraints include pumping strategies, minimum required
flow rates, and pump redundancy requirements.  The following is a more detailed description of the
design aspects that were considered when determining recommended pump strategies.

4.4.2.1 Pump Efficiency Optimization

Pump curves for a wide variety of pumps were analyzed to determine which pump strategies resulted
in the highest pumping efficiencies.  A goal was to select pumps with high efficiencies (greater than
86 percent) during typical Phase 1 pumping conditions and ideally under all pumping scenarios.
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Considerations were also given to how the pumping capacity would be expanded in the future.
Ideally, pumps would not have to be replaced and high pumping efficiencies would be maintained as
the project capacity is expanded in the future; however pump impellers and bearings will have to be
replaced in the future due to wear.

4.4.2.2 Cost Optimization

Decreasing the size of pumps and increasing the quantity would improve the ability of the pump
station to better match the pumping rate with demand.  Doing so will reduce velocities through the
system and lower pumping costs.  Inversely, increasing the size of pumps and decreasing the
number of pumps will limit the ability of the operators to match the pumping rate with demand and will
result in elevated velocities through the system, which will increase pumping costs.

AECOM conducted an evaluation in which pumping costs were determined for various pumping
strategies.  A more detailed description and a table summarizing the results of this evaluation are
provided in Appendix A Section II.

4.4.2.3 Maintenance Requirements

Maintenance cost is roughly proportional to the number of pumps that need to be serviced regularly.
Increasing the number of pumps would increase the maintenance burden, while decreasing the
number of pumps should reduce the maintenance burden and cost.

Use of similarly sized pumps was selected in lieu of the use of pumps of varying size.  Doing so will
allow the operator to standardize spare parts, reduce the number of spare parts maintained onsite,
distribute pump operating time more evenly, and generally make maintenance easier.

4.4.2.4 Operational constraints

Coastal Water Authority (CWA) has specified that it is ideal to have at least one pump in operation at
all times (under typical, nonflood conditions) to ensure constant flow through the canal.  Doing so will
reduce the amount of sloughing in the canal and the associated maintenance burden.  To prevent
unnecessary water from being pumped during initial low demand periods, it will be ideal to size the
single pump flow rate to be less than the minimum expected demand.  Having constant flow above 2
ft/s will reduce the deposition of sediment within the pipeline.  Providing a single pump capacity that
maintains a velocity of approximately 2 ft/s within the 108” diameter pipeline will help combat
sedimentation and likely be lower than the minimum project water demand capacity in the year 2020
(thereby allowing the single pump to operate continuously).  At times, pump station operators will
operate the pumping system at velocities greater than 5 ft/s to flush sediment out of the pipes. This
will be done as needed, but not under typical situations.

Due to the storage volume present in Lake Houston, it is not necessary to match the instantaneous
pumping rate with demand in Lake Houston.  Volume of pumped water and Lake Houston demands
will need to match on a weekly or monthly basis, but are not required to match on an hourly or daily
basis.  This flexibility allows for the use of constant speed pumps and negates the need for more
expensive and less efficient variable frequency drives.  Although they are not mandatory for pump
station operation, one or more variable frequency drives will be considered during final design, and
may be included if requested by the Operator.

4.4.2.5 Pump Redundancy

No redundant pumps will be provided in the initial phase of the project at the request of the Co
participants.  It is anticipated that the storage capacity of Lake Houston will be sufficient to meet water
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demands in emergency situations such as power outages or equipment failures, when project water
demands cannot be met by the LBITP.  Furthermore, in the event that outages occur as the result of
catastrophic storm events, it is likely that Lake Houston will be at full capacity as a result of the storm.
Pump bays will be provided and pumps selected to allow for the ultimate expansion to a firm capacity
of 500 MGD, meaning the pump station would be capable of providing a flow rate of 500 MGD with
one redundant pump out of service.

4.4.3 Pump Strategy Conclusion

Based on the considerations listed above in Section 4.4.2, the pump station will be constructed to
include eight pump bays. Three pumps were selected as the preferred configuration to meet Phase 1
project capacity requirements.  Expansion to 425 MGD can be achieved through the installation of
three additional similar pumps.  Expansion in a later phase to a firm capacity of 500 MGD can be
achieved through the installation of two additional, similar pumps and the replacement of the
impellers on the six existing pumps. In Phase 1, under typical Trinity River conditions, each pump will
pump approximately 53,200 gpm when all three duty pumps are in operation at once for a total
capacity of 230 MGD.  If one pump is operating by itself during typical river conditions, that pump will
pump at a slightly higher rate of 56,500 gpm based on the sample pump curves evaluated by
AECOM.  During isolated flood events on the Trinity River (and when Lake Houston is below flood
stage), the pumps may deliver as much as 69,500 gpm each, depending upon the pump selected.

The selected pump strategy will allow for a wide variety of pumping rates, but will not excessively
burden maintenance staff and require an unsustainable quantity of repair and rehabilitation.  Based
on the pumps evaluated during preliminary engineering, high efficiencies will be obtained over all
pumping conditions, both in Phase 1 and future phases without the Phase 1 pumps being replaced.
This configuration also results in reasonable velocities for the range of flows expected (2 ft/sec
minimum velocity assuming one pump operating at 56,500 gpm and one 108” pipeline is in operation;
6ft/s under a maximum flow of 500 MGD and two 108” pipelines are in operation).

4.4.4 Detailed Pump Criteria

The following preliminary pump selection criteria are based on the pumping strategy and phasing plan
discussed above and the available pump options reviewed by the design team in cooperation with
pump manufacturers.  The criteria were developed according to the capacity demands projected for
Phase 1 and checked against the ultimate capacity criteria for eight pumps to ensure acceptable
pump efficiencies under all conditions.  A more detailed determination of the design point, sample
pump curves, system curves, and additional information can be found in Appendix ASection I.

Design Point 1* – 53,200 gpm (76.7 MGD) at 97' TDH
(3 duty pumps producing 230 MGD)

Design Point 2* –  49,200 gpm (70.8 MGD) at 108.5' TDH
(6 duty pumps producing greater than 425 MGD)

Future Condition –    49,600 gpm (71.4 MGD) at 114' TDH
(7 duty pumps producing 500 MGD. Pumps must be capable of
meeting Future Condition with only an impeller change.)

Minimum Shutoff –   130' TDH

Maximum Runout – 50' TDH

Speed – Max speed of 700 rpm.  Preferred range of 300 to 500 rpm
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Pump Efficiency –   Minimum of 86 percent between Design Points 1 and 2. Design Point
1 must be on the righthand side of the best efficiency point on the
pump’s efficiency curve.

Horse Power – Maximum HP on entire curve is 1,900 hp

NPSHR – Maximum of 40' at Design Point 2

Solids Passage – Minimum allowable solid size of 2.25”

*Note:  The individual pump capacity will be greater than the design point flow rate specified
when only a single pump is in service.

4.4.5 Pump Bay Layout

Standards for pump bay design in the United States are set forth by the Hydraulic Institute (HI) in the
American National Standard for Pump Intake Design.  While not mandatory, these guidelines are the
industryaccepted standard utilized in the design of intakes and pump stations.  The design standards
have been developed to minimize submerged vertices, freesurface vortices, excessive preswirl of
flow entering the pump, nonuniform spatial distribution of velocity at the impeller eye, excessive
variations in velocity and swirl with time, and the entrainment of air or gas bubbles.  The negative
impacts of these adverse hydraulic conditions include reduced flow rate, increased head, increased
power consumption, and increased vibration, noise, and wear.

The American National Standards Institute (ANSI) / HI American National Standard for Pump Intake
Design, Version 9.8, Copyright 1998 (HI Version 9.8), was used to establish the preliminary layout
and design of the proposed Capers Ridge Pump Station.  Based on the guidelines for rectangular wet
pit intake structures, the preliminary pump bay layout is shown in Exhibits B9 and B10 of PER
Volume II.  Additional pump bay features were designed according to recommendations presented in
the Pump Station Design, Garr M. Jones, 3rd Edition, 2008.  These pump bay features primarily
consist of guide vanes and corner fillets used to stabilize and guide flow into the pumps.

A pump inlet design diameter was determined according to recommended inlet velocities presented in
HI Version 9.8.  The remaining pump bay dimensions were based on proportions of the pump inlet
design diameter.  Minimum submergence requirements were determined according to HI Version 9.8
criteria.  These dimensions are shown in Exhibits B 9 and B10.  Calculations, a summary table, and
additional information are provided in Appendix ASection III.

AECOM recommends the development of a physical model during final design to further establish
that a sufficient hydraulic design is being provided. HI Version 9.8 also recommends development of
a physical model for all pump stations greater than 100,000 gpm in size. It would be most appropriate
to conduct the physical model analysis at a professional laboratory during the early portion of the final
design phase.

4.5 Raw Water Intake

4.5.1 Intake Capacity

The proposed raw water intake will be designed to operate at flows up to 500 MGD or 775 CFS.  This
capacity is based on the maximum instantaneous raw water removal rate allowed by the COH’s water
right.
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4.5.2 Intake Design Factors

A longitudinal side channel intake was selected to extract flow from the Trinity River due to the
diversion rate required for the LBITP, suspended sediment concerns, low flow river characteristics,
and potential impacts to river traffic.  Several key constraints were analyzed to determine the optimal
bottom elevation of the side channel intake structure.  The intake structure will be designed to meet
velocity constraints through the trash rack and intake, exclude as much sediment as is practical, and
successfully withdraw the required flow under anticipated minimum WSEs.  These constraints are
discussed in more detail below.

4.5.2.1 Trash Rack Constraints

There are no mandatory design guidelines in Texas for velocities through raw water intake structures
or trash racks.  A commonly recommended approach velocity for trash racks is 0.5 ft per second.
This recommended approach velocity was utilized in determining the depth of the intake and is further
discussed in Section 4.6.2.

4.5.2.2 Sediment Exclusion

To minimize wear on the pumps, it is essential to minimize the intake of high concentrations of solids,
especially large solids such as coarse sand and gravel.  The highest concentration of large solids is
carried in the bed load slurry that roll along the bottom of the river channel.  The bed load slurry most
often resides in a zone within several feet of the channel invert.  Selection of an intake elevation
above the channel invert can exclude the bed load and minimize the intake of coarse solids.  For
example, and as shown in Figure 23, during a 5year storm event the bed load concentration on the
western bank of the river is expected to be 1,400 mg/l; however, the concentration at an elevation of
12 feet is expected to be 800 mg/l.  On the other hand, raising the intake to higher elevations has a
diminishing benefit.  For example, at an elevation of 16 feet, the suspended sediment concentration is
expected to be roughly 400 mg/l during a 5year storm event.  The relationship of height and
suspended sediment concentration is illustrated further in the results of the W. F. Baird and
Associates (Baird) modeling effort, which is provided in the separate report developed by Baird.

4.5.2.3 Minimum Water Surface Elevations

A primary goal of the intake design is to locate it such that the maximum pumping rate can be
withdrawn from the river under all circumstances.  As described in Section 2.4, exercises were
conducted to determine the future anticipated minimum WSE.  The intake elevation will be located
sufficiently below the minimum anticipated WSE (16.9 feet) to guarantee that the maximum flow rate
can be withdrawn in low flow conditions.

4.5.3 Intake Design Resolution

The intake will have a total width of 118.5 feet and an interior width of 112.5 feet.  An intake elevation
of 12 feet has been selected based on the constraints listed above.  Providing an intake according to
this width and elevation will result in an approach velocity of 0.4 ft/s during typical pumping
operations.  Approach velocity calculations are provided in Appendix ASection IV and further
discussed in Section 4.6.2.

Additionally, an elevation of 12 feet is approximately 5 feet below the future anticipated minimum
WSE of 16.9 and 7 feet above the channel invert at the pump station site.  This elevation allows the
bed load to pass downstream without entering the intake while allowing the maximum water right to
be withdrawn under all flow conditions.  Sediment exclusion could be improved by raising the



Luce Bayou Interbasin Transfer Project Preliminary Engineering Report
January 2011 Pump Station Facilities

47

elevation of the intake, but doing so would increase approach velocities through the bar screen and
increase the risk of having insufficient head to withdraw water during low flow conditions.

4.6 Trash Rack and Cleaning Mechanism

The purpose of this section is to discuss the preliminary engineering design of the trash rack and
trash rack cleaning mechanism.  This section will describe the design issue to be resolved, discuss
assumptions that will be implemented to shape the design, identify equipment options, and provide a
detailed discussion of the preliminary engineering resolution.

Trash racks will be utilized to prevent floating debris, trash, and aquatic wildlife from entering the
intake and damaging the pumps.  Trash racks will become clogged with debris if not regularly
cleaned, thus reducing their ability to pass a sufficient amount of flow.  A clogged trash rack could
result in a decreased pump station capacity and irregular pumping conditions (as discussed in
Hydraulic Institute Standard 9.8).  A dedicated trash rack cleaning mechanism is recommended to
help prevent pump station shutdowns and capacity reductions.

4.6.1 Existing Conditions

CWA personnel report that large trees and debris are regularly stopped by the trash racks at the
existing Trinity River Pump Station near Liberty, Texas, and that a significant amount of manpower is
needed to remove such debris.  It is anticipated that the amount of debris encountered at the
proposed Capers Ridge Pump Station will be greater than that of the existing Trinity River Pump
Station near Liberty due to several differences inherent to river characteristics at these two locations.
Due to its location on the outside bend of the river, the proposed Capers Ridge Pump Station is
expected to have more debris transported into the intake due to the direction of hydraulic forces in the
river bend.  In addition, the erosive forces of the river are also more dramatic in the area of Capers
Ridge as compared to those in the vicinity of the Trinity River Pump Station according to studies by
Slattery and Phillips (Quantifying Sediment Transportation and Delivery on the Lower Trinity River,
Texas, Slattery, 2005; Sediment Retention in Stream Corridors of the Lower Trinity River Basin,
Texas, Phillips, 2003). The higher erosive forces are expected to result in increased bank erosion
and intrusion of trees and debris from shorelines.  Finally, in periods of extremely low flow, the depth
of water at the screen will be relatively shallow (less than 5 feet), thus making it more susceptible to
being clogged by debris.

The existing Trinity River Pump Station was originally equipped with a trash rack cleaning device.
The device was a cable hung, grappling device, similar to others on the market today.  The device
was reported as being unable to remove the heavy trees and debris that would get caught by the
trash rack.  Furthermore, the device had no reach beyond the face of the screen and could not
remove debris that was deposited immediately in front of the screen.  The device was removed by
CWA due to its ineffectiveness.

4.6.2 Trash Rack Design

The trash rack will be designed to prevent debris from entering the pump station and potentially
damaging the pumps and mechanical equipment.  Vertical bar spacing will be selected to be narrow
enough to prevent potentially harmful debris from entering the pump station, but wide enough to
reduce clogging, fouling, and headloss.  According to the various pump manufacturers, the pumps
that may be used for this project have a maximum solids passage capability of 2.3 to 4.6 inches.
AECOM recommends a trash rack bar spacing of 2 inches, which should block the passage of the
majority of solids that could damage the pump, but not result in high headloss.  A small amount of
mediumsized debris is expected to bypass the trash rack; however, this debris will settle out in the
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sedimentation zone or be stopped by either the curtain wall or by the pump’s 1.5inch intake screen.
A small amount of backflushing will occur each time the pump stops, which will help keep the pump’s
intake screen clean.

The trash rack width will be based on several factors, including pump bay dimensions, approach
velocities, environmental concerns (threats to fish and wildlife), bar screen velocities, and headloss.
Texas does not have established design requirements for raw water intakes.  A commonly
recommended approach velocity of 0.5 ft/s or less was used to minimize fish and wildlife getting
impinged on or entrained within the screen.  Approach velocities are defined as the velocity leading
up to, but not necessarily through, the trash rack.

The pump station intake is expected to be approximately 118.5 feet wide with an interior width of
112.5 feet based on pump bay dimensions (see Section 4.4.5) and sediment settling considerations.
The intake is expected to be at an elevation of 12 feet above MSL and submerged approximately
7.8 feet and 5.8 feet during median flow and low flow conditions (1,500 CFS) in the Trinity River,
respectively.  During typical pumping operations (defined as 230 MGD pumping rate and median
Trinity River WSE), the resulting approach velocities are 0.4 ft/s.  During extreme pumping events
(defined as maximum pumping capacity of 500 MGD and low flow Trinity River conditions), the
resulting approach velocity is 1.18 ft/s.  These calculations are further documented in the Appendix A
Section IV.

AECOM recommends maintaining the pump station effective width of 112.5 feet at the trash rack.
Doing so will provide approach velocities of 0.5 ft/s or less during typical conditions, and reasonable
velocities during extreme conditions.  The headloss through the trash rack is inconsequential based
on the trash rack dimensions, bar spacing, and flow rates, which is further documented in the
Appendix ASection IV.

4.6.3 Trash Rack Cleaning Mechanism Design

Trash and debris will have to be removed from the trash rack on a routine basis to effectively maintain
the pump station’s capacity and operation.  An onsite, permanent cleaning mechanism is
recommended due to the anticipated frequency of cleaning operations.  A highly adaptable cleaning
mechanism is recommended due to the variety of loads that the trash rack will encounter, including
large woody debris, mats of smaller debris, and deposits of sediment.  A robust cleaning mechanism
is recommended due to the size of large debris that will be encountered.  It is also recommended that
the cleaning mechanism has the ability to reach beyond the face of the screen because debris,
especially sunken trees, are often hung slightly off the face of the screen, out of reach of some types
of cleaning mechanisms.

AECOM evaluated several types of trash rack cleaning mechanisms, including Bosker type
mechanisms, rotating chainandblade type mechanisms, and hydraulically operated articulating
boom mechanisms.  Hydraulically operated articulating boom mechanisms (often called hydronic
cleaners in the industry) consist of a single carriage that is equipped with a hydraulic boom and
hydraulic gripper.  The carriage travels on rails along the entire length of the screen and cleans only
one section of the screen at a time.  To clean a section of the screen, the hydraulic boom extends to
the bottom of the screen and then either rakes along the front of the screen (to clean mats of small
debris) or grabs onto larger debris with the hydraulic gripper.

Hydronic cleaners were identified by the AECOM design team as the most effective solution available
because of their ability to meet all of the criteria specified.  Hydronic cleaners are robust and can be
designed to lift over 10 tons.  Hydronic cleaners provide the greatest degree of adaptability and are
capable of grabbing and lifting large trees, raking and removing small mats of debris, and dredging
sediment.  Hydronic cleaners can be outfitted with a number of hydraulic gripper heads, giving
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engineers greater selection in their design.  Due to the articulated boom, hydronic cleaners can be
designed to reach far beyond and to the bottom of the face of the screen.

Another reason AECOM recommends the hydronic cleaners is because the technology is familiar to
CWA.  The hydronic cleaner is similar in construction, function, and operation to a typical track hoe.
CWA maintains a fleet of track hoes, which they use regularly for canal maintenance.  It is expected
that CWA operators will be comfortable with maintaining and operating the hydronic cleaners.
Additionally, all mechanical parts are located above water at the top of the pump station.  This feature
should also make maintenance easier.

4.7 PrePump Sediment Extraction

High levels of suspended sediment are a serious concern for some pump stations, depending on the
type of pump implemented.  Due to the high head present for this project, either a turbine or a mixed
flow impeller with relatively tight tolerances is necessary to meet the pumping requirements.  This
type of impeller is more susceptible than axial flow impellers to wear and degradation due to passage
of coarse sediment.  Extraction of course sediment ahead of the pumps is recommended to minimize
damage to the impeller, bearings, and wear rings.  In addition, selection of hardened pump materials
and/or special coatings is also recommended to minimize wear and extend the lifespan of pump
components.

While there are no particular guidelines as to a maximum allowable particle size or a maximum
allowable suspended sediment concentration, general consensus in the engineering community is to
remove all coarse sands and to minimize concentrations of medium and fine sands to the maximum
extent practical.

Additionally, to minimize the maintenance burden of having to dredge or clean deposited solids from
the canal, it is recommended to remove all settleable solids in a sedimentation basin in front of the
canal.  The postpump, precanal settling basin is discussed in greater detail in Section 5.2.

4.7.1 PrePump Settling Bay Efficiency

Sediment extraction in front of the pumps is accomplished through settling inside the intake structure
and pump bays.  As described in Appendix ASection III, a minimum distance of 40 feet is required by
HI standards to transition from the pump bay invert to the intake weir elevation.  This space is ideal
for settling, collecting, and removing solids from the intake structure.  Required settling lengths were
calculated for each grain size classification assuming an approximate flow of 69,500 gpm or 100
MGD per bay (which will occur during high flow periods carrying the most sediment) and a bay width
of approximately 13 feet, as shown in Exhibit B9.  A detailed description of these calculations is
provided in Appendix ASection V, and Table 42 provides a summary of the results.



Luce Bayou Interbasin Transfer Project Preliminary Engineering Report
January 2011 Pump Station Facilities

410

Table 42  Required Settling Length

Particle Size Description Settling Velocity
(ft/s)

Required Settling
Length

(ft)
33 microns Silt 0.0031 3,842
94 microns Very Fine Sand 0.0223 534
188 microns Fine Sand 0.0755 158
375 microns Medium Sand 0.2034 59
750 microns Coarse Sand 0.4396 27

The percentage of sediment removed for each category is calculated by dividing the length of the
settling basin by the settling length required (Table 42).  It is assumed that sediment is equally
distributed in the water column once it enters the bar screen.  Assuming a 40foot settling chamber
and an additional 10 feet of settling length immediately after the bar screen, percent removal rates for
each grain size classification are estimated as shown in Table 43.

Table 43  Percent Sediment Removed by Settling

Particle Size Description Percent Removal
33.2 microns Silt 1%

93.75 microns Very Fine Sand 9%
187.5 microns Fine Sand 32%
375 microns Medium Sand 85%
750 microns Coarse Sand 100%
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4.7.2 Determination of PrePump Settled Sediment Volume

A detailed analysis was performed to determine the approximate volume of sediment, which will be
removed in the prepump intake settling chamber.  Details of these calculations are included in
Appendix ASection V, and a brief summary of the methodology is included below.

Sediment concentration in the river was calculated from the suspended sediment rating curve
discussed in Section 2.5.  This curve was developed using historic sediment concentration data for
low flows and model results from the Baird sediment transport model for high flows.  Over 80 years of
daily flow records obtained from a USGS gaging station located on the Trinity River at Romayor, TX
were analyzed to determine the sediment loading rate at the pump station for an average year, a
reasonably wet year, and a reasonably dry year.  Total daily mass of sediment passing through the
intake structure was calculated based on the flow diverted and the calculated concentration in the
river.  The total mass of sediment passing through the intake was divided into particle sizes (clay and
silt, very fine sand, fine sand, medium sand, coarse sand), based on an analysis of suspended
sediment grain size distributions determined for different flow conditions (see Table 26).  Settling
rates and required distance for complete settling inside the intake structure were calculated for
particles in each grain size classification (see Table 42).  The percentage of extracted sediment for
each grain size classification was calculated by dividing the length of the settling chamber in the
intake by the required settling distance (see Table 43).  Total mass settled in the intake was then
converted to volume using a bulk density conversion factor.  Estimated extracted sediment volume
was summed for each year of record, and average, minimum, and maximum yearly sediment
extraction values were calculated and presented below in Table 45, Table 46, and Table 47.

These calculations also assume that the pump station will be shut down when flows within the river
are over that of a 5year storm (73,100 CFS) to minimize the intake of large volumes of sediment.
Analysis of historic data shows that the maximum duration of flow above 73,100 CFS is 11 days.  It is
expected that CWA will not pump during flood conditions above 73,100 CFS and still have sufficient
water in Lake Houston to meet demands. Table 44 shows the future anticipated duration of various
flood events as determined by the record of historic storm events.  The future anticipated durations
were developed as part of a theoretical exercise for planning purposes.  Actual future durations may
be longer or shorter.

Table 44  Duration of Storm Events

Scenario Flow
(CFS)

Duration of Flow (Days)

Full Record PreDam
(19241968)

PostDam
(19682009)

Last 20 Years
(19882008)

2 Year 48,600 23 23 21 21
5 Year 73,100 11 10 11 11

10 Year 88,300 7 7 7 7
50 Year  118,000 0 0 0 0
100 Year  130,000 0 0 0 0
500 Year  159,500 0 0 0 0

The expected sediment extraction volume for a year of average Trinity River flow rates at pumping
rates equal to 230 MGD and 425 MGD are shown in Table 45.
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Table 45  Average Yearly Sediment Extraction PrePump

Pumping Rate
(MGD)

Volume of PrePump
Sediment Extraction

(AcFt)

Volume of PrePump
Sediment Extraction

(ft3)
230 1.47 64,000
425 2.72 118,500

To assess the worst case scenario, historic flow rates from a very wet year with multiple large flood
events were used to determine maximum annual sediment extraction volumes.  The expected
sediment extraction volume for a year with relatively high Trinity River flow rates at pumping rates
equal to 230 MGD and 425 MGD are shown in Table 46.

Table 46  Maximum Yearly Sediment Extraction PrePump

Avg. Pumping
Rate

(MGD)

Volume of PrePump
Sediment Extraction

(AcFt)

Volume of PrePump
Sediment Extraction

(ft3)
230 5.19 226,100
425 9.6 418,200

During high flow events, a significant amount of sediment will be extracted daily.  For example, when
pumping at 230 MGD, approximately 1,024 cubic feet of sediment will settle inside the intake settling
chamber each day when flow in the Trinity River is at 30,000 CFS.  At 45,000 CFS, approximately
2,966 cubic feet of sediment will settle inside the intake settling chamber each day.  At 120,000 CFS,
approximately 9,570 cubic feet of sediment will be settled inside the intake settling chamber each
day.  This example further illustrates the importance of not pumping during flood events to the
greatest degree practical.

To assess the best case scenario, historic flows from a very dry year with no major flood events were
used to determine minimum annual sediment extraction volumes.  The expected sediment extraction
volume for a year with relatively low Trinity River flow rates at pumping rates equal to 230 MGD and
425 MGD are shown in Table 47.

Table 47  Minimum Yearly Sediment Extraction PrePump

Pumping Rate
(MGD)

Volume of PrePump
Sediment Extraction

(AcFt)

Volume of PrePump
Sediment Extraction

(ft3)
230 0.03 1,300
425 0.05 2,200

This example further illustrates that during some years there will be little need for sediment extraction
and handling.
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4.7.3 PrePump Sediment Extraction

Throughout the year, sediment will settle within the pump station.  This will be a gradual process
during years with few flood events; however, the rate of sediment buildup will exponentially increase
during years with long periods of wet weather or even a single flood event equal to or greater than a
2year flood.

Allowing sediment to buildup within the pump station can lead to increased sediment passage
through the pumps, causing increased wear on the pump components.  Settled sediment will have to
be extracted from the pump station on a periodic basis that may range from twice a week to once
every six months, depending on the river conditions and pumping rates.

Design issues that must be resolved include how to efficiently remove, transport, dewater, and store
sediment that has accumulated within the pump station.

4.7.3.1 Discussion of Resolution to Design Issue

Sediment can be removed and handled in a variety of ways.  An optimal removal method would not
require a significant amount of additional infrastructure due to the variability in the frequency of use
and potential long periods of nonuse.  A system with minimum infrastructure would reduce the
maintenance burden and capital cost of the pump station.  A system that utilizes onsite infrastructure
would be beneficial during the expected periods of frequent use that will occur during extremely wet
years.  For these two reasons, AECOM recommends a system that utilizes onsite infrastructure that
would be provided and utilized whether or not it is related to sediment.  For example, sump pumps
and gates will be provided (regardless of sediment issues) for isolating and dewatering the pump
bays.  These facilities can also be utilized in the sediment removal process.  See Exhibits B11 and
B12 for the location and orientation of these items.   Sump pumps alone will be capable of
dewatering the isolated bays and, in the process, pump out a portion of the settled sediment;
however, the pumps will be limited in their ability to pump out settled sediment from all areas of the
pump station without additional mechanisms to move sediment within the vicinity of the pump’s
suction.

4.7.3.2 Sediment Resuspension

Additional mechanisms will be provided within the pump bay that will resuspend settled sediment
and direct it towards the sump pump during the dewatering process.  Resuspending and mixing the
sediment will greatly increase the sump pumps’ ability to pump out sediment while the bay is being
dewatered.  Multiple options are available; one option is to have a system of small diameter piping
within the bay to inject water, air, or a mixture of both in a pattern that fluidizes and directs sediment
towards the sump pump.  A second option is to have water or pressurized air connections within the
bay that can be attached to handheld devices that operators use to manually flush sediment in the
desired direction.  At the request of the Operator, this option will only be provided in addition to the
first option.  A third option is to utilize mechanical mixers or other physical means to resuspend
sediment.

One advantage of resuspending sediment and then capturing it with a sump pump is that sediment is
more easily handled once introduced into the sump pump.  Several options are available for disposal
of the sediment once it is introduced into the sump pump.  Some of these options are further
described below.  Depending on the efficiency of the dewatering system, the pump bay may have to
be refilled by slowly opening the upstream gate and then flushed out again.
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4.7.3.3 Sump Pump Design Options

Several options exist for sump pump systems, both in terms of the type of pump used and the
manner in which the pump is applied.  Two options are submersible pumps and selfpriming pumps.
Several advantages and disadvantages are inherent to each type of pumping system.  The selection
process for the type of pump will depend greatly on operator preference.  A very basic layout for each
option is provided in Exhibits B11 and B12.  In either case, the pump would be designed to handle
the sediment load.

A system that utilizes submersible pumps will require typical submersible pump hardware in each
bay, including slide rails, discharge shoes, discharge piping, electrical connections, and access
hatches in each of the four sediment areas.  One advantage of this system is that a single pump
could be housed onsite and utilized in the selected bay, thus minimizing cost and maintenance.  A
disadvantage of this system is that the location of the pump suction is fixed and limited, thereby
decreasing the efficiency of the system to remove sediment.  Another disadvantage is the cost
associated with the multiple electrical connections.

A system that utilizes a selfpriming pump could include one or two pumps located outside of the
pump bay.  Suction piping would be routed from the pump to several locations within the pump bay.
A valve system could be provided that would allow the operator to choose which bay and the location
within the bay that is being dewatered.  This results in an advantage over the submersible pump
option.  One disadvantage is that much of the suction piping would be buried and difficult to access if
a clog were to occur.  Another disadvantage is that the pump would likely have to be constructed
within a drypit due to the substantial suction lift.  A dry pit would result in increased construction cost
and possibly operational concerns due to the confined space.

4.7.3.4 Sediment Disposal

Once the mixture of sediment and water (sediment slurry) is removed from the pump bay, it will have
to be further dewatered and stored in some form and fashion.  Four potential options for transporting
and storing sediment are as follows:

•  Option 1:  Sediment slurry can be pumped to an onsite dewatering basin, dewatered, and then
stored onsite.

•  Option 2:  Sediment slurry can be pumped into the 108” diameter pipeline, downstream of the
pumps and then transported to the upstream settling basin where it can be removed and stored
by the facilities provided in that location.

•  Option 3:  Sediment slurry can be pumped through a solidliquid separator.  Separated solids can
then be transported offsite or stored onsite.

•  Option 4:  Sediment slurry can be pumped back into the river, downstream of the intake.

Each of these options has inherent advantages and disadvantages.  Option 1 will require the largest
foot print.  Option 2 will pose concerns to pipeline operation and will likely result in greater
sedimentation issues within the pipeline.  Option 3 would require significantly greater capital,
operation, and maintenance costs and would still require room onsite to store the separated
sediment.  Option 4 would be the least expensive; however, it is subject to approval by environmental
permitting agencies and is possibly not an option for this reason.  These options will be further
discussed with CWA and a recommendation will be provided as part of the final design.
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4.8 Discharge Header and Valves

The purpose of this section is to discuss preliminary engineering issues related to the discharge
header design, including the associated isolation, check, and air release valves.

The proposed pump discharge and header design is shown in Exhibits B4B7. Each pump is served
by a 48” discharge line including an air release and vacuum assembly and 36” ball valve for flow
control and backflow prevention, a 48” butterfly valve for isolation, and a flow switch assembly. Two
header options are shown, one with the 84” header in a subsurface vault and the second with the 84”
header at grade.  Ultimate determination of the recommended header type will include consideration
of operator preference.  Preliminary discussions with the Operator indicated that the above ground
header will be selected for final design.  The header, which includes an 84” butterfly valve separating
the two 108” pipelines, air release and vacuum assemblies on each side, discharges into dual 84”
force mains.  Each 84” pipeline includes a venturi flow meter, an 84” isolation valve on either side of
the flow meter, and a 108” to 84” reducer, which transitions into the 108” pipeline.  Venturi flow
meters are recommended due to their simplicity, reliability, and cost.

Pipe sizes were chosen to maintain sufficient velocities through the system to minimize sedimentation
while not exceeding the velocity limitations of each valve or creating excessive headloss.
Approximate Phase 1 velocities expected through each 48” discharge line are between 9.4 ft/s at
53,200 gpm and 12.3 ft/s at 69,500 gpm.  The recommended maximum velocity for ball valves and
butterfly valves are 35 ft/s and 16 ft/s, respectively.  Maximum velocities through the 36” ball valve will
not exceed 22 ft/s. Approximate anticipated velocities through the 84” header are between 3.1 ft/s at
53,200 gpm (one pump through one pipeline or two pumps through two pipelines) and 4.6 ft/s at
79,850 gpm (115 MGD; half of the maximum Phase 1 capacity of 230 MGD through one pipeline or
230 MGD through two pipelines).  Velocities could reach 9.3 ft/s in the header if the entire Phase 1
capacity was pumped through a single pipeline.

Multiple valves, including ball, cone, and tilting disk check valves, were evaluated for use. Ball and
cone valves are typically used to control transients and/or to regulate flow.  Such valves are not
mandatory unless flow control is needed or problems associated with transients and surges are
anticipated.  Preliminary desktop surge analysis indicated an automated control valve is not
necessary for surge protection and the control of transients; however, CWA Operators prefer the use
of ball valves due to their higher reliability and durability as compared to tilting disk check valves.
AECOM recommends that a detailed computer surge analysis be performed during final design to
finalize anticipated surge/transient conditions and to confirm the correct choice and closure speed of
valves.  As additional surge modeling is performed, it is possible that surge relief valves and/or surge
anticipators will be added to the header.  Air release and vacuum breaking valve selections may also
be refined as a result of further surge analysis.
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Section 5 – Conveyance System

5.1 Pipeline

5.1.1 Pipeline Route and Alignment

The pipeline route begins at the proposed Capers Ridge Pump Station site, traveling approximately
three (3) miles westward to the proposed sedimentation basin.  In general, the pipeline follows the
rise in the existing natural ground up to the high point on Capers Ridge. The horizontal alignment
primarily follows the existing topographical ridge through the area with adjustments where necessary.
The pipeline vertical alignment is based on a minimum of a six foot depth of cover below the existing
natural ground.  The vertical alignment maintains the minimum cover of the pipeline while following
the existing topography along Capers Ridge.  This results in a varying elevation for the vertical
pipeline profile, rising and falling with the existing ground surface.  Both the horizontal and vertical
alignments of the pipeline are shown in the referenced exhibits.

5.1.2 Pipe Size, Number, and Spacing

The size of the pipeline is based on the best available information regarding the project demand and
needs.  The actual size was dictated by both pipeline cost and the desire to operate the system
efficiently.  The most efficient pumps and pump arrangement were selected in order to maximize
operational efficiency.  While it was anticipated that construction costs for larger diameter pipelines
would exceed those of smaller diameter pipelines, operational costs were also anticipated to be
cheaper for larger diameter pipelines compared to smaller diameter pipelines based on research
conducted for the project.

Based on this analysis, the dual pipelines will be 108” in diameter unless available information during
final design warrants consideration of a smaller diameter.  In order to convey project flows, these two
lines of equal size will be constructed parallel to each other from the proposed pump station to the
sedimentation basin location.  Furthermore, two pipelines will allow for one line to be taken offline for
repairs or maintenance while still permitting water conveyance through the system.

The pipelines will be spaced a minimum of 20 feet apart from outside edge to outside edge and
centered about the pipeline ROW, although the actual average spacing may be further apart.  This
spacing is based on the distance between the pipes required to allow one line to be exposed without
disturbance to the other during construction, required maintenance, repairs, or replacement.  A
spacing distance of twice the diameter of the pipe between parallel lines is typical for larger diameter
pipelines.

The sizes and number of pipelines are based on the best available information.  As new information,
such as revised demand information, surge concerns (as indicated as part of a transient analysis),
and operational requirements, is developed, the size or number of pipelines may require modification.

5.1.3 Recommended Pipeline Material and Pressure Classification

Multiple types of pipe material and pressure classifications were evaluated for use on the project.
The advantages and disadvantages of each material for use in a large diameter waterline project
were analyzed.  For purposes of cost estimation, a pressure rating of 150 psi was assumed for the
various types of pipe materials considered.  The following are the findings on each of these pipe
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materials.  A final recommendation of pipeline material and pressure classification will be determined
during final design.

5.1.3.1 Concrete

The only type of concrete pressure pipe that is applicable for the required size pipelines is
prestressed concrete cylinder pipe (PCCP).  PCCP is manufactured for all of the diameters
considered for this project and also has multiple options for coatings and liners, which could be used
to improve the biological and chemical resistance.  The following advantages and disadvantages for
PCCP are:

Advantages
•  Large selections of structural and pressure strengths
•  Specialized work crew is not required for installation
•  Capable of withstanding very high pressures
•  Internal corrosion can be significantly reduced with the use of thermoplastic lining
•  External corrosion may be reduced by including sacrificial wall or by using Type V sulfate

resistant Portland cement
•  Concrete pipe manufacturers can establish an onsite production plant to counter the high

transportation costs

Disadvantages
•  Sensitivity to bedding conditions – shear failure and beam breakage may occur
•  Handling and installation difficulty because of heavy weight
•  Susceptible to external corrosion in acidic soil environments
•  Requires cathodic protection and is highly vulnerable to hydrogen sulfide attacks and internal

microbiologically induced corrosion
•  Difficult to repair, particularly for joint leakage and failure in pressure pipe
•  Tendency to leak because of high pipe wall porosity and shrinkage cracking
•  Without additional internal lining, life span is significantly reduced
•  Low abrasion resistance – internal scouring can occur if solid content and flow velocities are

high
•  Reinforcement within PCCP walls can corrode with little or no external evidence
•  Due to the unit weight of the materials, one 8foot section of pipe will be delivered per truck.

5.1.3.2 Steel

The type of steel pressure pipe investigated for this project was spiral welded steel.  Spiral weld pipe
is manufactured from steel coils formed helically into cylinders.  Steel pipe is manufactured in all
diameters considered for this project.  Steel pipe also has multiple options for coatings and liners to
improve the biological and chemical resistance.  These options can be provided at an additional cost.
The following advantages and disadvantages are for spiral welded steel pipe:

Advantages
•  Resistant to high pressures
•  Easy to install, connect, operate, and maintain
•  Ideal for extension work in reservoirs and pumping stations
•  Can withstand shocks and traffic vibrations
•  Suitable for long distance pipelines of high pressure
•  Minimum damage to pipes during transportation
•  Smaller pipe thickness required, which equates to lower total weight
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Disadvantages
•  Additional construction cost due to welding
•  Internal and external coatings are susceptible to welding damage during construction
•  Susceptible to wear and corrosion in subsurface lines, reducing their lifespan
•  Low resistance to acidic and high levels of saline soils
•  Requires grounding measure at additional costs
•  Due to the weight of the materials, the pipe must be delivered one section per truck, the

length of each section will vary depending on the diameter (10 foot is typical)

5.1.3.3 Fiberglass

Reinforced Fiberglass Pipe (RFP) is a newer material compared to PCCP and steel.  Due to minimal
use, this material does not have an extensive record of infield use and is presently not an acceptable
material for large diameter water lines with the City of Houston.  Because RFP is not approved by the
City of Houston, it was eliminated as a considered pipe material alternative.  Should this approval
status change prior to the project’s final design phase, this material will need to be reevaluated as an
option for the project.

Other pipeline materials, including barwrapped concrete cylinder pipe, ductile iron, highdensity
polyethylene, and polyvinyl chloride pipe, were investigated as part of the preliminary analysis but
were not manufactured in sizes required for consideration on the project.

5.1.4 Corrosion and Cathodic Protection Overview

As outlined in section 5.1.3, the pipeline will require different cathodic protection systems depending
on the type of pipeline material selected for use on the project.  Once a pipeline material has been
selected, the cathodic protection system will be designed to protect both pipelines during the project’s
final design. This system will be designed and tested to ensure that the LBITP pipelines remain
cathodically isolated from all foreign utility crossings and electrical interference.

5.1.5 Pipe Flushing and Draining Method and Facilities

Flushing and draining valves will be located along the pipeline.  Due to the size and location of these
appurtenances, the design of these mechanisms may be devised specifically for this project (non
standard).  The size, location, and design of the flushing and draining valves will be determined
during the project’s final design.

5.1.5.1 Pipe Cleaning and Sediment Control

Two potential problems have been identified that could impede the flow of water through the piping
system of the LBITP.  The first possible problem is sand.  The Trinity River is a dynamic, lowgradient
coastal plain river, which actively transports large quantities of sand and sediment during flood
events. While some methods to remove sediment at the pump station will be utilized, it is anticipated
that some quantity of sediment and sand will pass through the pumps and enter the piping system.
Over time, the sand and sediment may settle in the pipe, adversely affecting the pipe friction and
crosssectional area. Secondly, it is anticipated that Asiatic clams (Corbicula fluminea) and zebra
mussels (Dreissena polymorpha) could be a concern in the LBITP piping system.  These organisms
have been observed in other CWA pump stations and pipeline systems on the Trinity River and have
caused maintenance and operational problems.  Specifically, these organisms have been known to
attach to the walls of the pipe system and clog these raw water transmission systems.  This organic
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buildup will have a similar effect on the pipe friction and crosssectional area losses within the
pipeline.

Due to the possibility of organism infiltration and sediment buildup, it is recommended that a pipeline
pigging system is included as part of the final design of the project.  A typical pigging system entails
pushing a pig through the pipeline that is a hydraulically or pneumatically propelled flexible
polyurethane foam bullet.  The pig is typically sized to be slightly larger than the carrier pipe.  See
Figure 51 for a typical pig of this type used on a larger diameter pipeline.  This pig style consists of a
steel barbell with two epoxy coated polyurethane foam discs on each end.  Due to the epoxy coating,
the pigging disks will not absorb water, which reduces its overall weight.  On a pig of this size, water
absorption is a concern because it can dramatically increase the overall weight of the pig and create
a significant problem for removal of the pig following completion of pipe cleaning.  The discs located
on each end of the pig would be replaced according to directions from the manufacturer.

Figure 51 – Typical Large Diameter Pig with Foam End Disks

Incorporation of a pigging system will require the LBITP to be modified during final design to allow for
pigging capabilities.  This will entail integrating a launching station and a catching station into the
project. To operate the system, a pig is first inserted into the launching station.  The launcher is then
closed and the pressure within the pipeline is used to push the pig through the pipe until it reaches
the catching station.  Following construction of the pipeline, an initial pigging of the pipeline will be
performed.  During the initial pigging, a benchmark determining optimal flow in the pipelines will be
determined.  The system can then be monitored to determine when future pigging will be necessary.
It is anticipated that the pipeline will require cleaning every time the flow reaches an allowable loss or
threshold as determined by the operator.  Based on information provided by large diameter pig
manufacturers, pigging cleanings are recommended at least once every three years, although more
frequent intervals may be necessary.

Following the investigation into the pigging process, two preliminary launch structures were identified
and are shown in Exhibit A4 Pipeline Pigging Exhibit.  The first launching station option consists of
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an inline launch station with a removable launching barrel to load the pig. The second alternative
consists of an offset launch station, which is offset from the pipeline either horizontally or vertically.
This station is designed to bypass flow through the offset chamber in order to launch the pig.
Following the investigation into the costs associated with fittings and valves on large diameter
pipelines for this arrangement, this alternative appeared to be less economically viable when
compared to option one.  Catching stations or basins would also be required and would be similar to
the launching station, but would include a flow bypass.  Each launching and catching station will need
to be equipped with a crane or have available access for a mobile crane to load and unload the pig
within the pipeline.  An onsite storage facility at the launching stations shall be provided to house the
pig and any other equipment necessary for operation.

The dual pipelines of the LBITP will require pipeline launching and catching stations on both lines.
Additionally, due to the design of the pig, any valves between the launching station and the catching
station must completely clear the crosssectional area of the pipe to allow for the pig to pass through
the pipeline.  This would prohibit the use of the butterfly style values between the catching and
launching stations, which limits the number and location of butterfly valves that can be used on the
project.

5.1.6 Type, Number, and Location of Isolation Valves

Several types of isolation valves have been considered with respect to purpose, operations and
maintenance concerns, cost, and functionality within the pipeline.  A large diameter butterflystyle
valve was determined to be an appropriate style valve for the project.  For illustrative and estimation
purposes, a butterfly style valve was assumed for the project and is shown on the pipeline drawings.
An example of a typical large diameter butterfly valve is shown in Figure 52.  As indicated in Section
5.1.5.1, butterfly valves cannot be placed between pig launching and catching stations.  If isolation
valves are needed between these launching and catching stations, a knifegate style valve can be
used in lieu of the butterfly valve.  However, the final type, number, and location of the isolation
valves and devices will be determined during final design.
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Figure 52 – Typical Large Diameter Butterfly Valve

5.1.7 Air Relief and Surge Valve Type And Locations

Air relief and surge valves will be located within the pipelines on the LBITP.  In general, air relief
valves (ARVs) are typically an inch to an inch and a half in size for each foot in diameter of the pipe.
However, actual sizes for air relief valves for a given system must be determined using the specific
conditions and parameters of the project.  ARVs are typically located at the high points within a
pipeline and are reflected as such on the project drawings.  For illustrative purposes, a 12inch
combination vacuum/air relief valve is shown on the pipeline drawings.  Since both waterline vertical
alignments are identical, the combination valves were placed in the same location.  Investigations into
their function preliminarily indicated that a shared six inch vent pipe could be used for the valves on
both lines at a given location.  A complete surge and transient analysis will be required during final
design to determine the actual size and location of all vacuum/air release valves for the project.

5.1.8 Drainage Along the Pipeline Corridor

A preliminary drainage area map for the pipeline portion of the project was developed and is shown in
the project drawings.  Existing drainage conditions and drainage conveyance will be evaluated during
the project’s final design and all drainage and storm water system mitigation will be designed to meet
all applicable standards.  Preliminary coordination with representatives from Liberty and Harris
counties regarding the drainage conveyance was performed as part of the preliminary engineering for
the project.  This entailed meeting with the representative agencies, noting relevant drainage features
that would be impacted, coordinating notification of the ROW acquisition process, and clarifying future
requirements and considerations that would be necessary as part of the project’s final design.  The
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methodology used, relevant assumptions, hydraulic model, and processes of development are
explained in greater detail in Section 5.4 and Appendix E.  However, no drainage analysis was
performed during the preliminary engineering portion of the project and a full drainage analysis will be
required as part of the final design.

5.1.9 Environmental Design Impacts

The disturbed area for the pipeline portion of the project was contained entirely within the parcel to be
used for mitigation as part of the application for the project’s environmental permit.  As such, the area
that will be impacted by the construction of the pipeline was identified and excluded from the
mitigation area.

5.1.10  Recommended Depth of Cover

The recommended depth of cover for the pipeline is a minimum of six feet below natural ground.  This
depth is consistent with the City of Houston’s Infrastructure Design Manual presently in effect for
waterlines 24” and larger.  Furthermore, discussions conducted with a variety of pipe supplies during
the pipe material investigation revealed that this would be an appropriate recommended minimum
depth.  As previously noted, this depth was maintained wherever possible during preliminary
engineering of the pipeline vertical alignment.  However, the final pipeline depth and vertical profile
may require further modification during final design as more information becomes available.

5.1.11  Pipeline Constructability Issues

Several issues were considered during the preliminary engineering portion of the project related to
the future construction and commissioning of the project.  Due to the limited nature of this report,
these issues could not be analyzed in great detail, but several of these issues are summarized in this
section.  However, additional constructability issues will need to be evaluated during final design.

The pipeline will be constructed via open cut construction methods.  A trench box can be employed or
the side slopes of the trench can be cut at a slope that will minimize risk of trench wall failure.  A
trench safety investigation will be included in the geotechnical analysis to be performed during final
design.

Due to the size of the pipeline, advanced scheduling will be required to ensure timely delivery of the
pipe to the project site.  Depending on the pipe material selected, a mobile manufacturing plant could
be constructed at the project site.  However, it is not anticipated that pipe manufacturing will be a
problem during construction with adequate advance notice based on the information known at the
time of the writing of this report.

The commissioning and testing of the pump station and pipeline will require some degree of overlap
to ensure proper function and operation of the system.  It is anticipated that this process may take up
to a year, depending on the decisions made during final design.

Access to all construction sites was considered when determining the project alignment.  This
includes analysis of the necessary routes and paths that will be used by construction equipment,
including  ingress and egress for all site vehicular traffic.  Pipeline site access following completion of
the project is summarized in Section 5.1.12.
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5.1.12  Pipeline Site Access Locations

Site access points have been identified throughout the project alignment.  Due to the limited nature
and location of the pipeline, the primary access point to the pipeline will be by the pump station
access road.  Access to the beginning of the private pump station access road will be via Timberline
Road (County Road 2317) off of FM 1008.  Timberline Road is an existing asphalt county road that
goes to the beginning of CWA’s property.  This road may require reconstruction or replacement to
support the heavy equipment that will be necessary during the construction phase and once the pump
station becomes operational.

Access along the pipeline will be continuous via the pump station access road, which will parallel the
entire pipeline alignment.  This access road is shown in the project drawings.

5.1.13  Preliminary Discussion of Communication, Control,  and SCADA
Needs and Criteria

Detailed communications, controls, and supervisory control and data acquisition (SCADA) needs will
be determined during final design.  However, the need for the ability to communicate, monitor, report,
and control the project systems will be imperative.  The SCADA system will be incorporated into the
design of the pump station, pipeline, project maintenance facility, sedimentation basin, canal, and
outfall to ensure full integration of the entire project.

5.1.14  Preliminary Drawings

Preliminary typical sections, sheet layouts, plan and profile, storm water pollution prevention plans,
drainage area maps, and details have been prepared for the project.  They are included as part of the
project drawing set.

5.2 Sedimentation Basin

5.2.1 Preliminary Sedimentation Basin Design

The purpose of the sedimentation basin will be to remove sediment that is pumped from the Trinity
River through the pipelines prior to entering the canal.  The basin is sized to reduce flow velocity upon
entering the basin such that the majority of the conveyed sediment will settle to the bottom of the
basin and thus not enter the canal portion of the project.  The sediment that is contained within the
basin will be removed and stored onsite before eventually being transported offsite.

A general layout of the sedimentation basin is included within the preliminary project drawings.  Due
to the limited nature of this report, the sedimentation basin was not designed in detail and the layout
shown in the drawings is conceptual.  The complete basin will be designed during final design.

5.2.2 Location

The sedimentation basin will be located at the outfall of the dual pipelines.  The proposed pipelines
terminate approximately three miles from the Trinity River.

Several locations for the sedimentation basin were considered during the conceptual design phase of
the project.  These included sites near the property boundary of Parcels 4 and 4.5 were considered
as possible locations.  However, placing the sedimentation basin at these locations would have
increased the overall length of pipeline section of the project and increased the head against which
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the pump station would need to operate.  Both of these factors increased the overall cost of the
project.  Additionally, a greater percentage of potential wetlands were encountered the further west
the sedimentation basin was located from Capers Ridge.  Several sites for the sedimentation basin
location in the vicinity of the pipeline outfall location were also evaluated.  While there was minimal
difference between these sites, the possibility of additional wetland impacts and the proximity to the
access road determined the final recommended location for the sedimentation basin.

The recommended location of the basin can be seen on the project drawings.

5.2.3 Configuration, Dimensions, and Energy Dissapation Needs

The basic configuration of the sedimentation basin will include entrance and exit weir structures, the
basin lining, and the basin cross section.  The final dimensions of the sedimentation basin were not
determined during the preliminary engineering, but will be designed to maximize the efficiency of
sediment removal from the conveyed water.  Lastly, it is anticipated that energy dissipation and a
transition section from the pipeline to the sedimentation basin will be necessary based on the flow
and existing geotechnical considerations. These needs were not included as part of the preliminary
engineering phase and will be determined during final design.

5.2.4 Sediment

Upon completion of the project, it is predicted that sediment will travel from the Trinity River, through
the pump station and pipeline, before being deposited in the sedimentation basin.  Determination of
the amount and impact of the total sediment, as well as the needed sediment removal equipment was
beyond the scope of the preliminary engineering report.  Additional evaluation and investigation will
be required during final design. However, the sedimentation basin area is adequate to allow for
temporary sediment and equipment storage as determined during final design.

5.2.5 Preliminary Drawings

A preliminary layout of the sedimentation basin has been prepared and is included in the project
drawings.  The layout shown in the project drawings is conceptual in nature and will be determined
during final design.

5.2.6 Flow Measurement Structural and Mechanical Plan

Flow measurement structures and related mechanical plans will be required for the sedimentation
basin and will be incorporated into the project’s SCADA system.  However, investigation into these
needs was beyond the scope of this report and will be determined during final design.

5.3 Canal

5.3.1 Canal Conveyance Route

The initial canal alignment was based on Alignment 3 from the LBITP Alternative Analysis report
(June 2007).  Starting with this approximate location, the proposed canal alignment was determined
on the basis of following the identified project standard design criteria, the desire to minimize future
maintenance issues, the reduction of environmental impacts, the allowance for feasible construction,
the avoidance of the division of contiguous property shared by a single ownership interest where
possible, the avoidance of impacts to existing water and drainage features, the avoidance of impacts
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to existing utility facilities, and the minimization of overall project construction costs. In general, the
canal begins at the high point on Capers Ridge and flows downhill to the project outfall.

Adjustments were performed and the canal preliminary alignment was modified based on the
following information: field investigations, property examinations, the rightofway acquisition process,
and additional research into project constructability and cost.  The ultimate project alignment has yet
to be finalized, pending completion of the rightofway acquisition process.  However, the various
changes and alignment rationale decisions to date are described below.

Beginning with the project’s initial route, the alignment was refined to follow an approximate Liberty
County watershed boundary, commonly termed “the ridge.”  Using LiDAR data for the project corridor,
the watershed boundary between Luce Bayou and both the Trinity River (for the northeastern part of
the alignment) and Cedar Bayou (for the southwestern part of the alignment) was approximated.  The
alignment was modified to follow the ridge as closely as possible to eliminate cross drainage where
feasible and to minimize the impact of the canal on overland flow from extreme rainfall events.

Following this adjustment, the route was then modified to follow existing property boundaries more
closely.  The purpose of this adjustment was to avoid or minimize division of any single property with
the canal while remaining as close to the ridge as possible.  After closely analyzing the property
boundaries using aerial photography and field visits where possible, the alignment was further refined
to minimize impact on the irrigation canals and other smaller drainage features.  Additionally, in
conjunction with the environmental investigation, alignment change decisions were made with
consideration to the possible environmental impacts affected by the options under consideration.
This includes potential and jurisdictional wetlands, water bodies, vegetated landscapes, potential
historical and archeological sites, and wildlife.

As property and site information became available, conflicts with existing facilities and utilities were
also considered in determining the project alignment.  An effort was made to contact each of the
private utility owners in order to discuss the project, its potential impact on the utility’s operations, and
the required mitigation activities.  In some instances, relocation of these existing utilities may be
required.  A list of the pipelines found to have a potential impact on the project is described in Section
5.3.13.

Several areas of the alignment of the considered alternatives required additional investigation of the
following:

•  A field visit identified a conflict near the intersection of the proposed alignment at SH 321 with
an existing Crown Communications cellular phone tower located in Parcel 17.  Several route
alternatives north and south of this location were considered, including options that would
have conveyed the water via underground box culverts.  However, following discussions with
the tower owner and after considering the engineering constraints, land acquisition,
environmental impacts, and construction costs at this location, it was determined that the
recommended alignment would entail relocation of the cell tower.

•  Due to potential access limitations, three alternatives from Parcels 40 to 48 were analyzed.
The first option considered traveled westward before intersecting and paralleling an existing
pipeline easement.  While this route was shorter than the other options considered, it resulted
in impacts to the greatest number of acres of potential wetlands as well as the impact to an
existing water treatment plant.  The second option was located along the western edge of
Parcel 42 and along a natural divide through Parcel 43.  However, this resulted in a large
impact to potential wetlands and the division of a historic homestead located on Parcel 47
and 47.5 and a potential area of archeological significance.  The recommended route was
selected because of the smallest anticipated impact to potential wetlands.
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•  Also due to potential site access limitations, several alternatives for Parcels 50 and 51 were
investigated.  Routes along the northern and southern boundaries as well as across the
property were considered.  Following investigation into the access impacts, site drainage, and
the mitigation that would be necessary to offset these impacts, an alignment along the
southern boundary was recommended.

5.3.2 Canal Design Criteria and Assumptions

The project design criteria are based on existing best practices and design standards for open
channel canals and discussions with CWA operations personnel.  The assumptions, methodologies,
and reasoning were derived from various design criteria and scenarios that provided the optimal
result for this project while remaining consistent with the project’s objectives and goals.

A three hundred foot wide section was determined for the project ROW. This width would allow for the
construction of the canal, access roads, storm water ditches, and maintenance access and activities.

The canal section is designed to convey an ultimate flow rate of 774 cubic feet per second (cfs), the
equivalent of 500 million gallons per day (MGD).  A minimum flow depth of five feet is to be provided,
assuming a flow rate of 356 cfs.  This flow rate is based on the assumed initial volume of water the
canal will deliver prior to the required ultimate demand of 500 MGD.  The typical canal crosssection
was designed to be 10 feet in depth and 100 feet wide with four horizontal to one vertical (4:1) side
slopes.  In some instances, the canal may be widened or deepened to maintain an adequate factor of
safety depending upon specific hydraulic and site conditions. The average slope within the canal is
0.015 percent and the canal bottom width is 20 feet.

The information for determining the canal freeboard was taken from a recommendation found in
Natural Resources Conservation Service Conservation Practice Standard, Irrigation Canal or Lateral,
Code 320. The code stipulates that the required freeboard above the maximum design water level
shall be at least onethird of the design flow depth or 1.33 times the flow depth and shall not be less
than 0.5 feet.  This resulted in the canal having an average water depth of seven to eight feet within a
10foot deep canal for the majority of the project, as described in Section 5.4.4.  While the canal is not
intended to be a drainage conveyance system, it is open to the elements and is required to convey
any precipitation that falls directly upon it.  Therefore, an overall analysis of the canal was performed
for a 100year rainfall event, verifying the minimum freeboard of 0.5 feet was provided for both a 6
hour and 24hour storm.  The 24 hour 100year event resulted in 12.5 inches of rainfall occurring over
the entire length of the canal.  This analysis assumes the water supply pumps were deactivated a
maximum of eight hours into the rainfall event or once two inches of rainfall have occurred over the
canal.

One of the project objectives was to minimize vegetation growth within the canal, which significantly
contributes to canal maintenance and operation costs.  The velocity of the water and depth of canal
were used to deter plant growth along the canal bottom.  An average canal velocity of two
feet/second (ft/s) was selected for the ultimate design flow rate to limit the ability of plants to take root
along the channel.  A maximum velocity of three ft/s was selected to limit potential erosion along the
side slopes of the canal.  In areas where the velocity of the water is expected to increase above five
ft/s, erosion prevention methods, such as concrete lining or armoring, will be required.  These areas
will be near the entrance and exits of culverts, drop structures, canal bends, and other locations as
identified during final design.

In addition to the flow velocity reducing vegetation growth, minimal vegetation growth below the
design water surface elevation in the canal can also be expected due to the designed flow depth
limiting available sunlight.  Thus, in determining the frictional loss to the flow of water, a Manning’s
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roughness coefficient or nvalue of 0.025 was assigned to the proposed canal.  An nvalue of 0.025
reflects the roughness factor for a bare earthen soil crosssection.

At each roadway crossing, the canal was transitioned to a box culvert section for conveyance
underneath the roadway.  At the location where the proposed water surface elevation is above the
existing roadway, a siphon has been designed to convey water across the roadway with minimal
disruption.  The box culvert dimensions required at each location varied depending on the location
canal flow line and depth under which the canal would need to pass.  Specific sizes of each roadway
crossing are shown in the project drawings.  Additionally, conveyance via the canal box culvert were
used to facilitate drainage across the canal rightofway.  The descriptions of these breaks are
described in greater detail in Section 5.3.7, while their purpose for use as drainage devices is outlined
in Section 5.4.  A Manning’s nvalue of 0.015 was assumed for all concrete structures, including all
box culverts.  The entrance to all structures will have improved inlets to limit entrance head losses
that will be detailed during final design.

5.3.3 Water Level Control Structures

Constant water surface elevation within the canal is beneficial to minimize maintenance that is
typically required with frequently fluctuating water surface elevations.  The water level control gates
are proposed to limit the maximum drop in water level within the system to no more than four feet
between gates.  In order to maintain this desired water surface elevation, water level control gates will
be strategically installed along the canal.  In general, the gates will operate using the flow in the canal
against the gate structure balanced with counterweights to maintain the desired constant water
surface elevation.  Upon initial installation, the gates will be positioned to keep the upstream water
level constant.  As the flow increases, the pressure from the water will cause the gate to open.  This
will balance the pressure from the flow of water with the counterweights on the gate in order to
maintain the predetermined water level.  As the flow decreases, less water moves through the canal,
resulting in less pressure exerted on the gates.  The decrease in pressure causes the gate to
reposition itself (using the counterweights) to maintain a constant water level in the canal.

The gates are currently designed to operate automatically with the intention of maintaining the water
surface elevation.  If necessary, features that will allow the gates to be manually or mechanically
operated will be included in the final design.  Additionally, a safety rack or structure may need to be
placed in front of the gate structures to prevent blockage of flow and allow the gate to open or close
properly.

There are seven gate locations proposed along the canal.  There will be two parallel gates at each
location to allow for maintenance without impeding the flow in the canal.  Each gate location also
corresponds to a drop in the canal flow line.  The periodic drops allow a slope of 0.015 percent to be
maintained for the length of the canal, which keeps the velocities in the range identified in the canal
design criteria and project maintenance to a minimum.  The gates will also include emergency
overflow weirs, permitting the canal flow to bypass the gates in the event that the gates become
inoperable. The current design of the gate structure is shown in the project drawings.

5.3.4 Geotechnical Findings and Impact on Canal Design

A preliminary geotechnical investigation was performed for the project.  As part of this investigation,
15 borings were taken at the proposed pump station site and along the proposed alignment.  Based
on the preliminary findings and as outlined above, a 4:1 side slope was recommended for slope
stability on the project.  Additionally, the geotechnical consultant provided a typical cross section for
canal lining to be used to prevent water seepage within the canal.  This includes an anticipated over
excavation depth to allow for the inclusion of the canal lining varying from 18 to 24 inches.  A
summary of the recommended clay lining cross section is shown below in Figure 53.  Through use of
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the canal lining, the geotechnical investigation concluded that water losses through seepage in the
canal would be minimal based on the preliminary investigation.

Figure 53 – Recommended Canal Lining for Differing Soil Conditions

Approximately 85 percent of the encountered material was composed of cohesive soils with the
remaining 15 percent granular soils at depths of 10 feet.  In conjunction with these borings and based
on the anticipated project alignment, the geotechnical investigation indicates that enough cohesive
(clay) material will be present to construct the channel lining with no need to import outside material.
However, additional geotechnical investigation and borings along the canal route will be required to
confirm this assumption during final design.
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While enough clay material is likely present on site for construction of the channel lining, the material
in specific locations will vary along the alignment.  As such, it will be necessary for a geotechnical
engineer to be present to supervise the testing and sorting of excavated material as suitable or
unsuitable for lining material during construction.  Furthermore, transportation of material for
distances up to one mile within the canal rightofway may be required, depending on the availability
of clay in a particular location.  Based on the preliminary findings, transportation of clay to different
locations along the project is not anticipated in more than 25 percent of the canal.  There will likely be
excess excavated material during construction, but this excess material can be distributed within the
project rightofway without causing any adverse impacts.

The water table was generally encountered between 8 to 12 feet in depth below the existing surface.
While locations potentially requiring dewatering were not observed, additional geotechnical testing
and analysis during final design will be needed to confirm these conditions.  However, there are
locations where existing ditches, agricultural fields, and reservoirs are present and could possibly
charge shallow granular soils, which could pose a problem during construction.

The cost estimate for the project was revised to incorporate recommendations based on these
geotechnical findings, including the location and availability of clay, side slope stability, height of
water table, over excavation depth, soil seepage rates, and other potential design considerations.
The analysis of this information is ongoing and will continue to be incorporated into the project design.
The preliminary geotechnical report is included in Appendix B.

5.3.5 Slope Stability and Erosion Protection Methods

The canal slope stability has been evaluated based on proposed soil conditions as well as the wet/dry
cycles the canal slopes may experience as part of normal canal operations.  Following this evaluation
and in conjunction with recommendations provided by the preliminary geotechnical investigation,
canal side slopes of 4:1 (V:H) are recommended.  At this slope, concern for slope stabilization is
minimized and without encumbering canal maintenance, such as mowing and dredging operations.
Additionally, CWA expressed a specific desire to keep the canal side slopes at 4:1.

5.3.6 Canal Outfall

The preliminary project outfall was determined and is shown in the project drawings.  Details related
to the modeling and hydrology of the outfall structure is described in Section 5.4.4.  The outfall is
proposed to begin by transitioning the canal at a concrete drop structure and headwall.  The flow is
then conveyed via three 8foot by 6foot box culverts that will be diverted 36 degrees to the south of
the project centerline near the bank of Luce Bayou/Lake Houston.  The angle of diversion is to
minimize the effects of erosion and scour at the existing outfall location as determined in the Baird
Report and shown in the separate report developed by Baird. The box culverts will continue down
towards the water before discharging below the average water surface elevation at that location.  This
will create an underwater outfall location.  The area immediately adjacent to the outfall will be located
within a concrete basin or apron beneath the existing channel bottom and surrounded by an
underwater concrete weir.  The purpose of this basin and weir will be to protect the lake bottom from
scour and erosion.

Additionally, shoreline protection will be required to prevent and limit erosion during low water
conditions in Lake Houston.  Based on historical low water elevation information and existing
conditions, shoreline protection is recommended to be 60 feet upstream of the outfall location and
120 feet downstream of the outfall location.  Based on the preliminary findings of the outfall erosion
investigation, it was not anticipated that the outfall would have an adverse affect on the opposite bank
or any islands located within the existing outfall channel.
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During typical canal flow conditions and water elevations within the outfall channel, the potential for
scour is not significantly increased.  However, during a combination of low water levels within the
outfall channel and the maximum canal discharged rates, sheer stresses within the outfall could
induce localized erosion and scour.  The erosion and outfall investigation recommended that a
permanent shoreline and bathymetric observation program is implemented to monitor the outfall for
erosion and sour.

5.3.7 Drainage Along Canal Corridor

A preliminary drainage investigation and drainage area map of the canal portion of the project was
developed and is shown in the project drawings.  Existing drainage conditions and drainage
conveyance will be evaluated during the project’s final design and all drainage and storm water
system mitigation will be designed to meet all applicable standards.  Preliminary coordination over the
drainage conveyance with representatives from Liberty and Harris counties was completed as part of
the preliminary engineering for the project.  This included meeting with the representative agencies
and noting relevant drainage features that would be impacted, coordinating notification of the rightof
way acquisition process, and clarifying future requirements and considerations that would need to be
included in the project’s final design.  The methodology, relevant assumptions, hydraulic model and
processes of development are explained in greater detail in Section 5.4 and Appendix E.  However,
additional hydraulic and hydraulic analysis will be required as part of the final design.

5.3.7.1 Canal Siphons

One purpose of the project is to convey water via the pipeline and canal with minimal impact to the
existing drainage patterns.  To accomplish this, existing overland flow pattern impacts will be limited
by creating breaks in the canal that will facilitate overland flow.  At each break point, the flow of storm
water runoff from the surrounding areas will be conveyed to a natural topographic low point.  The
canal siphon will convey the water in the canal below the existing grade, providing a direct path for
runoff to flow across the project ROW.

The canal siphons consist of a transition from the open canal into a headwall structure and box
culvert section, conveying the water beneath the existing ground surface.  A safety rack may be
included on the upstream side to prevent buildup or blocking of the siphon by debris.  The headwall
will proceed from an open transition section to a closed transition section before the box culvert
section passes underneath each break location.  Once the siphon emerges on the other side of the
break, it would again transition into a headwall section and finally an open canal.

The drainage ditches on either side of the canal will convey runoff to each of these canal breaks.  The
breaks will then be sloped to facilitate drainage across the project rightofway and away from the
break location.  Each siphon location results in a canal break of a minimum of 200 feet, although the
overall length of each break varies.  A berm would wrap around the headwall on either side of the
siphon, allowing for access to either side of the canal and preventing the mixing of raw water and
storm water runoff.  Additionally, the drainage breaks would provide a location for wildlife to safely
cross the project ROW.

At each location, the all weather maintenance road will continue across the break, permitting
continuous access along the canal alignment within the project ROW.  A flood gauge or other flow
depth monitoring device may be put in place as a safety precaution.  A bridge or low water crossing
constructed of articulated concrete blocks, concrete paneling or other material capable that permits
saturation of the roadway for extended periods will be constructed to facilitate this continuous access.
The type of crossing that will be used will be determined during final design.
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The canal siphons purpose for use as drainage devices are described in greater detail in Section 5.4.
A typical detail and the locations of the canal siphons are shown in the project drawings.

5.3.8 Storm Water Pollution Prevention and Silt Control Measures

The canal portion of the project will have various storm water pollution prevention and silt control
measures included as part of the final project design.  In general, control measures include a
reinforced silt filter fabric fence that will line the entire canal ROW, stabilize construction access
points at all major roadways and construction access points, filter dams located as needed
throughout the project, sodding and seeding to establish grass and minimize additional sediment
erosion.  A preliminary storm water pollution prevention plan is included in the project drawings.
However, these control measures will be refined and modified as needed based on additional
topographical survey and information obtained during final design.

5.3.9 Environmental Design Impacts

Environmental impacts were considered throughout the preliminary engineering phase.  Minimization
of impacts to existing and potential wetlands determined several aspects of the preliminary
engineering.  Environmental issues were used to determine the recommended project alignment as
well as in the preliminary engineering of the canal siphons.  The fencing used on the project also took
into account the impact on the existing wildlife.  Other environmental factors were also used to
determine the preliminary project design.

5.3.10  Potentially Contaminated, Hazardous, and Toxic Area Concerns

In conjunction with the geotechnical and environmental investigations, research into the presence of
potentially contaminated, hazardous, and toxic areas were considered.  Although based on limited
information, no contaminated, hazardous, or toxic soils were encountered along the project.

5.3.11  Site Access Locations

Site access points have been identified throughout the project alignment.  Following extensive
coordination and input from CWA, the majority of these site access points are located adjacent to
areas where the project ROW is crossing an existing roadway.  The roadway crossings and site
access points are shown in Exhibit A5.

At each roadway crossing, there will be a driveway off the existing roadway.  Adjacent to this
driveway inside the CWA property, there will be a loading and unloading area for use as an onsite
maintenance and storage location.  This stopping area will be wide enough to provide the on and off
loading of heavy equipment and material storage as required by CWA.  Two separate entrances from
the main roadway were considered, but will require approval from the roadway owner and will be
determined during the project’s final design.

5.3.12  Preliminary Communication, Control, and SCADA Needs and Criteria
Along Canal

Detailed communications, controls, and SCADA needs will be determined during final design.
However, the need for the ability to communicate, monitor, report, and control the project systems will
be imperative.  The SCADA system will be incorporated into the design of the pump station, pipeline,
project maintenance facility, sedimentation basin, canal, and outfall to ensure full integration of the
entire project.
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5.3.13  Pipeline and Private Utility Crossings

The current project alignment crosses 20 active gas and petroleum pipelines and two electrical facility
easements.  Coordination with these utility companies regarding verification of facilities and resolution
of the potential future conflict was performed in conjunction with the preliminary engineering for the
project.  The following entities were contacted as part of this investigation.  A summary of their
existing facilities and the coordination is shown below.  See Exhibit A5 Crossings Locations, which
shows the locations and summary table of these pipelines and utility crossing locations.

•  Williams/Transco (Transcontinental Gas Pipe Line Corporation): The company owns and
operates 2  30” steel pipelines conveying natural gas in the project area.  They provided their
crossing requirements handbook and maps showing exact horizontal alignment for the
existing pipelines.  No relocation costs have been provided.

•  ConocoPhillips Pipeline Company: The company operates a 24” pipeline that transports
petroleum products in the project area.  Additional information about the existing utility has
been requested, but has not yet been obtained.  No relocation costs have been provided.

•  Kinder Morgan: The current project alignment crosses three high pressure natural gas
pipelines that are owned by this company.  Crossing requirements, easement information, as
well as maps showing horizontal alignment for all of the affected pipelines have been
provided.  No relocation costs have been provided.

•  Sunoco Logistics: The company owns and operates a 10” high pressure pipeline crossing the
existing alignment.  The company provided a map showing the horizontal alignment,
engineering and general restrictions manuals, as well as an approximate relocation cost.

•  Chevron Pipeline Company: The company operates 2  10” liquefied petroleum gas pipelines
that are crossing the proposed alignment.  During the utility coordination process, the
company provided horizontal alignment plans, approximate depth of the lines varying from
3’6” to 4’6” in depth, as well as an approximate cost estimate for relocating the affected
pipelines.

•  TEPPCO  Enterprise Products: Company owns and operates a 10” and a 12” steel pipeline,
which are crossing the proposed alignment.  The company has provided detailed alignment
sheets for the affected lines, encroachment guidelines, approximate depth of their lines
buried between 2.5 and 3.5 feet, as well as an approximate relocation cost.

•  BP Pipelines (North America) Inc.: The company owns and operates 2  12” inactive pipelines
in the project area.  The company will be interested in maintaining one of the two pipelines for
their future use.  Information has been received on their pipeline’s horizontal alignment
information and construction guidelines.  No relocation costs have been provided.

•  Mustang Pipeline Company (Eastman Chemical Company): The company owns and
operates one 6.625” propylene carbon steel pipeline and one 10.75” propane steel pipeline in
the project corridor.  Information has been received on their horizontal alignment,
approximate vertical depth of 42” and an approximate relocation cost.

•  Oneok NGL Pipeline, LP: This company owns and operates three liquefied petroleum gas
steel pipelines of 8”, 12” and 14” in diameter, which are crossing the proposed alignment.
The horizontal alignment information on these pipelines has been provided along with an
encroachment agreement.  No relocation costs have been provided.
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•  Buckeye Gulf Coast Pipelines, LP: The company operates a 10” ethylene line for Westlake
Ethylene Pipeline.  Rightofway use restrictions specifications, horizontal alignment maps,
and approximate relocation cost have been provided.

•  KOCH/Grande Pipelines: Pipelines were reported to have been abandoned/salvaged.  No
additional information has been received.

•  Sam Houston Electric Cooperative: The company previously provided a general area utility
location map for Liberty and Harris Counties.  Letters requesting updated information for the
current project alignment have been sent, but no information has been received to date.

•  Entergy Gulf States: Two electrical easements and power lines owned by Entergy have been
identified as crossing the project alignment.  The company has provided detailed information
about their existing utilities as well as approximate cost for relocation of these affected
utilities.  Based on the preliminary information, it appears that relocation of only one of the
existing conflicts will be required.

•  B&G Energy Corporation: Numerous attempts have been made to obtain information about
existing utilities from this company within the project location.  To date, no information has
been received.

•  Verizon Communications: The company provided a general area utility location map.  A
detailed description of the project was sent as part of a request for more information on a
potential conflict location, but a response has not been provided.

•  CenterPoint Energy: Numerous attempts have been made to obtain information on existing
utilities from this company.  No information has been received to date.

As part of the utility investigation, the following pipeline and utility companies were contacted and
reported no existing facilities or conflict between their facilities and the proposed project alignment:

•  Mobil Pipeline Co.

•  Trunkline Gas Company

•  Shell Pipeline Company, LP

•  Energy Transfer  Houston Pipe Line Company, LP

•  Comcast Communications

On Parcel 43, the proposed alignment crosses an existing Entergy easement.  Following several
coordination meetings, Entergy requested that the access roads meet their design specification for
safe access to the electrical towers by their equipment and vehicles.  Entergy provided the minimum
design standards that would be required for access roads to their easement.  These standards
specified that the access road would need to be 20’ wide and graded to drain at 2% slope.  The
surface of the access road needs to have a minimum of five inches of compacted crushed limestone.
If the existing subgrade is poor, Entergy would require the removal of existing soil and replacement
with more stable fill.  All fill used for the access road would need to be placed in a maximum of six
inch layers.  All fill, base course, and ground covering are to be compacted to 95 percent of maximum
density obtained by a Modified Proctor Test (ASTM D1557).
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On Parcel 23.6, the proposed injection point for the Enstor Houston Hub Storage Facility, a natural
gas storage facility, was identified during the rightofway acquisition process.  While details are
unknown at this time, the LBITP will be designed to avoid impacts to this future facility.

5.3.14  State Highway and County Roadway Crossings

The current project alignment crosses six roadways.  Notification and coordination with the Texas
Department of Transportation, Liberty County, and Harris County regarding these roadway crossings
has been completed as part of the preliminary engineering.  Meetings were held with each entity to
indicate the project’s alignment and to determine impacts with existing roadways, proposed future
roadways, or roadway expansions.

In Liberty County, a master thoroughfare plan has been developed and provided by the county.  This
thoroughfare plan identified proposed freeways, major thoroughfares, and collector roads that were
part of the county master plan.  The project alignment was overlaid to determine what the potential
future impacts were.  Based on this analysis, it was determined that the project alignment affected 10
future major collector roads, four future major thoroughfares, and one proposed future freeway.
However, Liberty County indicated they were in the very early planning stages of all of these
roadways and projected expansion.  The construction dates or rightofway widths are unknown at
present. Exhibit A6 shows the Liberty County Master Thoroughfare Plan as well as the project
alignment in the affected portion of the county.

5.3.15  Preliminary Drawings

Preliminary typical sections, sheet layouts, plan and profile sheets, storm water pollution prevention
plans, drainage area maps, traffic control plans, and details have been prepared for the project.  They
are included as part of the project drawing set, which is Volume II of the PER.

5.4 Project Drainage, Hydrology, and Hydraulics

5.4.1 Drainage Summary

A drainage area map, drainage lines, and catchment area boundaries were determined based on
LiDAR and the limited topographical information available during the project’s preliminary
engineering.  Throughout the project alignment, drainage breaks were inserted along the canal to
permit drainage across the project rightofway to maintain existing drainage patterns where possible
and practical.  The process for development of the project drainage, hydrology, and hydraulics is
described in detail in the sections below.

5.4.2 OffSite Drainage Crossings

Conceptual level modeling was performed to estimate the size and number of crossings required
to convey offsite drainage across the proposed canal alignment.  Detailed modeling to size
collection ditches and confirm preliminary crossing sizes will be required in the design phase of
the project.

Conceptual design consisted of drainage ditches paralleling the canal alignment along both
ROWs.  The ditches will drain toward the low point in the subbasin and will be interconnected by
a culvert(s) crossing the canal alignment.  The canal will be siphoned below the culvert crossing,
allowing for extreme events to flow over the maintenance road.  Less extreme events will be
capable of passing through the culvert at each crossing.
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The parallel ditches will act as spreader ditches, allowing flow to leave in a sheet flow pattern
where applicable.  A majority of the alignment does not have significant existing drainage facilities
that collect existing runoff.  The proposed ditches will have a depth sufficient for allowing the
cross culvert to be below natural grade and provide sufficient cover.  However, this design will
result in some of the ditch flow lines to be below the natural grade at outfalls and resulting in the
ditches remaining wet for extended periods of time.

5.4.3 Hydrology

ArcHydro, an extension of ArcMap, was utilized to calculate drainage lines for the area
surrounding the proposed alignment using topographical information from a digital elevation
model (DEM).  Subbasin area boundaries were delineated from these drainage lines using a
minimum basin size of 100 acres.  For the purpose of determining drainage break locations, only
subbasin areas that were intersected or affected by the proposed alignment were examined in the
HECHMS model.

The methods utilized to develop the inputs into the HECHMS model are the Soil Conservation
Service (SCS) Curve Number Method and SCS Unit Hydrograph Method.  The SCS method for
calculating peak discharge was selected for Liberty County hydrology, as no criteria could be
found recommending a methodology to be used.  The SCS method is appropriate for smaller
watersheds and provided the rate and volume of the runoff.  A list of provided runoff curve
numbers (CN) based on a summary of those presented in TR55 was used for the analysis.
However, for the portion of the project within Harris County, Harris County hydrologic criteria were
utilized.

The SCS Curve Number Method requires land use data, which was estimated visually from aerial
photos.  From the land use types, a weighted runoff coefficient was determined for each subbasin
area.  The project area contains soils in hydrologic soil group D.  ArcGIS was used to calculate
the total area for each subbasin.  The percentage of the impervious area was modeled as 0
percent as the Curve Number was utilized to handle land use types.

The SCS Unit Hydrograph Method evaluates the lag time for each subbasin based on the time of
concentration and travel time for sheet flow.  The following values were selected for estimating
the travel time for sheet flow: Manning’s nvalue of 0.3; 2yr, 24hr rainfall event of 5.25 in; flow
length of 100 ft; and a slope of 0.0005 ft/ft.  The longest flow path length was calculated and then
the slope was estimated by taking the elevation at 15 percent and 85 percent of the flow path
length.

The velocity for each subbasin was selected from the TxDOT Hydraulics Manual.  The velocity
selected was based on the weighted average of the Manning’s nvalue for each subbasin ranging
from 0.1 to 0.15.  The travel time for sheet flow and the quotient of drainage flow path and
velocity were converted into minutes to calculate the time of concentration.  The SCS calculation
of lag time, Tlag =0.6*Tc, was utilized for each subbasin and input into HECHMS.  The model
performed simulations for the 1 percent and 50 percent Annual Exceedance Probability (AEP)
storm events.

For the hydrology of the project roadways, the roadway drainage criteria from Liberty County’s
subdivision regulations were used for roadway drainage.  The 2year storm event was selected
for these agricultural areas, as this is consistent with typical road side ditch design capacity.  The
event duration is the primary concern, compared to the depth of flooding for agricultural or
undeveloped areas.
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5.4.4 Hydraulics

Because the Luce Bayou canal is a raised canal, it will impede natural drainage paths of overland and
channelized flow.  To remedy this, a series of siphons in conjunction with collector ditches and
culverts will be utilized along the alignment ROW.  Ditches on the upstream and downstream side of
the alignment will slope toward designated crossing points.  These crossing points were determined
based on natural drainage paths and existing low points along the alignment.  Water will be collected
in the upstream ditch and directed across the canal at the siphons via culvert and overland flow to the
downstream ditch where it will fill uniformly and flow out, as described in Section 5.3.7.  This will allow
the water to resume sheet flow, thus replicating existing conditions.

The crossing points consist of a culvertweir structure as shown in the project drawings.  The culverts
are sized to pass flows up to and including the 50 percent AEP storm event without overtopping the
canal maintenance road.  For larger events, a shallow flow depth is allowed to overtop the roadway to
minimize increased ponding depths upstream of the canal.  Flow from the culvert and weir will be
collected in the downstream ditches and spread as previously described.

To model the proposed conditions, both onedimensional and twodimensional models are used in
parallel.

A hydrograph representing rainfall is introduced in a twodimensional overland flow model, which
models the behavior of the shallow sheet flow.  From this model, a stage hydrograph is obtained at
the downstream rightofway for each crossing.

In the onedimensional model, each crossing is modeled as a separate reach.  Under existing
conditions, crosssections along the reach represent the elevation data at the upstream and
downstream rightofway as well as the centerline of the canal.  Under proposed conditions, the
centerline crosssection is replaced with and inline structure containing a culvert and a weir
representing the crossing structure.  The watershed on the upstream side is modeled by a storage
area with an elevationvolume curve obtained from the DEM and connected to the reach as the
upstream boundary.

A runoff hydrograph is introduced to the upstream storage area and the stage hydrograph obtained
from the twodimensional model is applied as the downstream boundary condition.  The resulting
stage hydrograph measured in the storage area from the model was compared to the existing and
proposed conditions to measure project impacts.

The typical measured impact on the upstream side of the alignment for the 100year event is an
increased depth of 34” for 516 hours.  For the 2year event, the adjacent ditches and culvert
crossings are shown to have sufficient capacity to have no increase over the existing 2year peak
flooding depths.

5.4.5 Hydraulic Model Results

HECRAS Version 4.0 was used to model the proposed canal.  The model was setup for unsteady
state modeling of time varied flow rates.

The canal is designed to convey 774 cfs, maintaining a water level in the canal between seven and
eight feet of flow depth.  A total of seven water level control gates are proposed.  These gates serve
to limit the drop in water level to a maximum of four feet when the flow rate is reduced below 774 cfs
as described in Section 5.3.3.  The gates are located so that the maximum grade drop between gates
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is four feet or less.  At this spacing, a maximum drop in water level of approximately four feet can be
maintained for a zero flow rate condition.

The canal has six roadway crossings.  At these crossings, three 8foot x 7foot box culverts are
proposed.  The canal grades at these crossings have been set to minimize impact to the roadway
profile over the canal.  Concrete lining will be provided at a minimum of 20feet upstream and
downstream of the crossing to minimize erosion potential due to increased velocities in the canal as
flow enters and exits the culverts.

The culvert entrances are to be designed to minimize entrance losses by providing flared wing walls
and beveled top edges.

A total of 19 siphons are proposed along the canal.  The siphons are required to allow offsite runoff
the ability to cross the canal alignment approximating current drainage patterns without causing
prolonged flooding or ponding of properties adjacent to the canal alignment.  The siphon locations are
preliminarily sited at locations where overland sheet flow is expected to concentrate and where
exisiting drainage facilities cross the alignment. The siphons are assumed to be two barrels of 10foot
x 7foot box culverts and two barrels of 5foot x 7foot box culverts.  The siphon flow line will drop
approximately 10 feet below the canal flow line.  This provides approximately five to six feet of depth
between natural ground and the top of the box culverts.  This depth will be used to provide surface
flow across drainage structures, which is discussed in greater detail in Section 5.3.7.  Each siphon is
assumed to be 400 feet in length and each barrel of the siphon has a velocity of 3.7 fps, which
exceeds the typical minimum scour velocity of 3 fps.  This velocity will keep sediment deposition to a
minimum within the siphon.

Initial demands indicate an expected flow rate of 230 MGD or 356 cfs after the canal is constructed.
This interim flow rate will result in lower velocities through the siphons.  It is recommended that only
one 10foot x 7foot and one 5foot x 7foot barrel will be used for the interim flow of 356 cfs.  This
flow rate provides a velocity within the siphon of approximately 3.4 fps.

Flow depth within the canal varies between seven and eight feet, depending on the location in relation
to water level control gates, existing roadways, and siphon crossings.  The normal water level depth
in the canal is approximately 7.3 feet.  By providing a typical canal depth of 10 feet, an average
freeboard of 2.7 feet is provided.  There are several reaches along the canal where the roadway and
siphon crossing are spaced fairly close together, causing incremental head losses between the
structures to raise the depth of flow in the canal to approximately eight feet.  It is recommended that
in these reaches the canal should be constructed to a depth of 11feet, providing the recommended
1.33 x depth of flow freeboard.

The extreme event analysis shows that assuming the pumps are turned off for a maximum of eight
hours into a 100yr, 24hour rainfall event, the canal has capacity to carry the event and maintain a
minimum of 1.2 feet of freeboard.  Should the pumps not be turned off during a 100year event, the
canal has capacity to convey the event with a minimum freeboard of 0.3 feet.  This minimum
freeboard is most likely to occur within the portion of the proposed canal where the 11foot depth is
recommended.

Unsteady state modeling of the canal shows that with the canal operating at its ultimate capacity of
774 cfs, it would take approximately eight hours for the water level control gates to completely shut
down the flow to Lake Houston after the pumps have been turned off.  Returning the canal to the 774
cfs flow rate is shown to take approximately 13 hours.  Flow begins to arrive at the outfall
approximately three hours after the pumps are turned on, assuming the water level control gates are
holding water in the canal.
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The outfall structure into Lake Houston is assumed to be three 8foot x 6foot box culverts.  The
approximately 640foot long culverts have 28.8 feet of fall from the inlet elevation of 62.8 to the outlet
elevation of 34.0.  The outlet is submerged below the 43.5foot normal pool elevation of Lake
Houston.  By submerging the outfall, a hydraulic jump is forced to occur within the culverts, reducing
the velocity of the discharge into the lake.  The velocity is further diminished by discharging the flow
into a concrete stilling basin.  The submerged basin has a top of wall elevation of approximately 39.5
or 1.5 feet above the Lake bed elevation at the outfall.  The top of the wall functions as a submerged
weir with an effective length of approximately 90 feet.  The stilling basin will allow the discharge to
swell up within it and uniformly distribute into the lake.

The culverts are at a very steep slope and critical depth is achieved within the culverts.  This
combined with the submerged outfall forces a hydraulic jump to occur within the culverts.  The entire
capacity of the culvert is not used where flow is flowing at a critical depth.  The entrance will be
designed so that open channel flow occurs within the culvert upstream of the hydraulic jump to
prevent air from being trapped within the culvert.

When the canal is running at ultimate capacity, approximately 975 acre feet of water is contained
within the canal portion of the project.  With a zero flow condition, approximately 600 acre feet of
water remains in the system stored behind the water level control gates.

While the model calculations are correct for the assumptions used in this report, changes from these
original assumptions will occur as new information becomes available.  Further hydraulic analysis will
be required in final design to verify the effects of the actual roadway crossing designs, siphon lengths,
water level control gates design and location, etc.

5.5 Project Access Roads, Security, and Safety

5.5.1 Access Roads and Roadside Ditches

The proposed access road will be constructed to provide access from FM 1008 to the sedimentation
basin and the pump station.  CWA intends to construct an improved roadway from FM 1008 to the
proposed Capers Ridge Pump Station.  A portion of the roadway is maintained by Liberty County as
described in Section 5.1.12.  The road is designed to be a 26foot wide asphalt road with two way
direction traffic and designed to withstand use by maintenance trucks and medium traffic.  The
access road is shown in the project drawings.  Due to the limited nature of the preliminary
engineering report and the information available, only the horizontal roadway alignment is shown.

The access road will be drained by road side ditches on each side of the road.  These ditches shall
be designed to meet Liberty County standards.  The ditches will be vshaped with a minimum depth
of 0.5 feet below the edge of the road pavement or 0.5 feet below the natural ground elevation at the
rightofway, whichever is lower.  The ditch side slopes shall not be steeper than three horizontal to
one vertical (3:1) and the minimum grade shall be 0.1 foot per foot with the maximum design velocity
of 3.0 feet per second during the design event.  Due to the limited nature of the preliminary
engineering report and the information available, only the horizontal ditch alignments are shown.

5.5.2 AllWeather Maintenance Road

The allweather maintenance road will begin at the sedimentation basin and continue along the
northern and western sides of the canal.  This road will be designed to permit continued access under
varying weather conditions.  The width of this road is 14 feet and is shown on the project drawings.
The cross section and composition of this roadway will be determined during final design.
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5.5.3 Project Security and Safety

One of the outcomes of the U.S. Public Health Security and Bioterrorism Preparedness and
Response of 2002 was the development of the “Guidelines for Physical Security of Water Utilities” in
December of 2006 by the American Society of Civil Engineers and the American Water Works
Association for the Environmental Protection Agency (EPA).  The EPA in turn provided these
guidelines to water utilities to assist them with the upgrading of the security at their facilities.
Currently, the responsibility for providing security for the water resides with the utility.  There are two
bills in congress, H.R. 3258 Drinking Water System Security Act of 2009 and H.R. 2868 Chemical
and Water Security Act of 2009, that, if enacted, will require water utilities to perform vulnerability
assessments of their facilities, develop emergency response plans, develop plans for upgrading
security, etc.  It will also allow EPA and Department of Homeland Security (DHS) to inspect these
facilities for compliance of these plans.  Failure of such inspections could lead to EPA and/or DHS
taking over responsibility for the security of these facilities.  Until such  legislation becomes law, it is
prudent to use the guidelines to upgrade security of these facilities.  As such, we have determined the
general requirements needed to meet these possible requirements.

The pipeline is buried six feet below grade and, therefore, does not require any additional protection.
Any above ground valves or controls will need to be locked with shrouded locks as described in the
pump station section.

Along the general canal portion of the project, the preliminary engineering incorporates the use of a 4
strand barb wire fence along the entire project, except at major roadways and easement crossings.
In these locations, a six foot high chain link fence is recommended to minimize access concerns
along the project to the canal ROW in areas immediately visible to passersby at each roadway.
Additional security may also be necessary at the water level control structures.  Any programmable
logic controller (PLC) cabinets, manual controls, and valves are recommended to be locked using
shrouded locks.   Beyond this, there are no additional security enhancements recommended to be
made to the canal itself.  The length of the canal and its general remoteness preclude the use of high
security fencing, Closed Circuit Television (CCTV) cameras, etc., in a cost effective manner.

It is recommended that the canal maintenance facility have increased site security.  This facility will
likely need to be surrounded by a perimeter fence.  This perimeter fence will be constructed to resist
climbing or cutting and the fabric will be a heavy gauge chain link or welded wire fabric construction.
It should be at least six feet tall with double outriggers on top with either three strands of barbed wire
on both sets of outriggers or coiled razor wire.  The entrance gate into this area will be an automated
type sliding gate.  The gate providing direct access to the canal will be secured with a shrouded lock.
Access through the main gate will be controlled by the access control functions of the integrated
security system at the site that will be developed during final design.  All manholes, valves, vault
hatches, equipment control cabinets, control devices, etc. will be secured with shrouded locks.  All
personnel doors into the facilities at this site are recommended to be equipped with tamper resistant
security hinges and keylocked doors.  The main entrances into each building are also recommended
to be equipped with an access control card reader and associated hardware.  Any roof hatches or
exterior roof access ladders will need to be locked.  Recommended electronic security for this facility
consists of access control for the main gate and each of the main buildings, specifically the offices,
vehicle maintenance bays, parts storage, general maintenance, and used oil storage.  It can also
include CCTV coverage of the entrances into each of these buildings/facilities and the main gate.
The CCTV coverage of the building entrances would be from the inside of the buildings looking out in
order to obtain a usable image for identifying who is entering the building.  The camera at the entry
gate will require lighting for continual use.  Communication between these systems and the
monitoring point at the CWA will be by the same media used to communicate with the pump station.
Any PLC cabinets, control valves, etc. associated with the canal will need to be secured with
shrouded locks.
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Lastly, the project outfall may require some additional security.  The project rightofway and outfall
location may require fencing to prohibit unauthorized access of the site from the Lake Houston/Luce
Bayou waterway.  Furthermore, the outfall concrete apron located under the water surface may
require piers or buoys demarcating the outer edge of the safe swimming and waterborne vehicle
distance.  However, all project security measures for the entire project will be reevaluated to
determine their necessity and applicability during final design.
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APPENDIX A - CALCULATIONS 

 

I SYSTEM CURVE CALCUATIONS 

A PURPOSE 

The purpose of this section is to document the equations and assumptions used to 
generate the system curve for the project. 
  

B STATIC HEAD  

a Maximum:     107.22 feet Maximum WSE at Settling Basin 
 -   17.80 feet

            89.42 feet 
 Low water elevation in the Trinity River (see below) 

 
b Average:     107.22 feet Maximum WSE at Settling Basin 

    -   19.80 feet
        87.42 feet 

 Median water elevation in the Trinity River 

 
c Minimum:     107.22 feet Maximum WSE at Settling Basin 

    -   44.00 feet
        63.22 feet 

 High water elevation (100 Year Flood) in the Trinity River 

 
d Minimum water surface elevation discussion:   
 

Minimum future Trinity River water surface elevations are greatly dependent on the 
pumping rates of the Capers Ridge and existing Trinity River Pump Station.  A large 
percentage of the total flow in the Trinity River is comprised of flow that will be 
diverted from the pump stations during periods of high pumping rates and otherwise 
low natural conditions.  As discussed in more detail in Chapter 3, the Trinity River 
Authority will release water from Lake Livingston to ensure that water rights are met; 
therefore, during periods of extremely low flow, additional water will be released into 
the Trinity River.  Based on modeling performed by AECOM, the minimum water 
surface elevation is expected to be 16.9 feet; however, during periods of high 
pumping operations and low natural flow, the minimum water surface elevation is 
expected to be no less than 17.8 feet.  In this PER, different minimum water surface 
elevations are assumed and presented (either 16.9 or 17.8 feet) according to the 
situation being evaluated. 
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C PUMP STATION CAPACITY  

The pump station will be provided with an initial pumping capacity necessary to meet 
contractual water demands for the year 2020, which should satisfy co-participant water 
demands up to the year 2040.  Pumps will be selected to have their best efficiency points 
at flow rates close to average day conditions.  Owner requested operational constraints 
also include a recommendation that the single-pump pumping rate to be less than the 
minimum anticipated 2020 project demand.  Subsequent phases will expand the pump 
station to meet peak project demand for the year 2040 and then the maximum withdrawal 
rate allowed by the City of Houston’s Water Right. 
 
Pumps will be selected to ensure that the Phase 2 capacity can be achieved through the 
addition of three similar pumps and then the maximum project firm capacity (with one 
redundant pump) can be achieved through impeller changes or the addition of no more 
than two additional pumps.  The maximum project capacity is defined by the maximum 
withdrawal rate allowed by the City of Houston’s Water Right. The following is a list of 
some key pumping criteria:  
 
a Phase 1 (2020) required total capacity: 230 MGD 

b Phase 2 (2040) required total capacity: 425 MGD 

c Maximum project firm capacity: 500 MGD 

D SYSTEM CURVE HEADLOSS EQUATIONS 

a Darcy-Weisbach Equation (fluid friction equation) 

g 2
Vk  +

g 2
V 

D
L  f  =  H

22

L ∑××  

HL 

F Friction factor from Moody diagram 
Head loss (feet) 

V Fluid velocity (ft/s) 
L Pipe length (ft) 
D  Pipe diameter (ft)  
g  Gravity constant (ft/sec2

k Minor loss coefficient 
) 
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b Hazen-Williams Equation 







 ×

×
∑







×






××

D
Q  0.4085 

2g
k  + 

D
1  

C
Q L 10.44  =  H 2

24.871.85

L  

HL 

Q  Fluid flow (gpm) 
Head loss (feet) 

L  Pipe length (feet) 
D Pipe diameter (inches) 
C Hazen-Williams roughness coefficient 
Σk  Minor loss factor 
 

E HEAD LOSS FOR THE PUMP COLUMN, DISCHARGE PIPE, AND HEADER 

a Summary of K-values: 
 
Table A-I-1: COLUMN 

Qty Description Dimension k 
Sum of 

k 
1 Pump Entrance Loss N/A  0.5 0.5 

 
Table A-I-2: DISCHARGE PIPE 

Qty Description Dimension k 
Sum of 

k 
1 or 3 90 degree elbow 48" 0.3 0.9 

1 Tee Branch 48" 0.6 0.6 
1 Butterfly Valve 48" 0.3 0.3 
1 Ball Valve 36" 0.04 0.04 
1 Gradual Contraction 48”-36” 0.05 0.05 
1 Gradual Expansion 36”-48” 0.06 0.06 
  Sum of Minor Losses     1.95 

Table A-I-3: HEADER 

Qty Description Dimension k 
Sum of 

k 
1 Tee Branch 84" 0.3 0.3 
2 Tee Thru 84" 0.1 0.2 
  Sum of Minor Losses     0.5 
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b Sample Calculation: 

Qtotal

No. of Pumps : 3 
  : 230 MGD 

Qpump 

C   : 110 (Steel Pipe) 
 : 53,240 gpm 

Σk   : Column  : 0.5 
: Discharge Pipe : 1.95 
: Header Pipe  : 0.5 

      Length of pipe : Column  : 45 ft 
    : Discharge Pipe : 65 ft 

   : Header Pipe  : 35.25 ft (Effective) 
 

    

ft. 0.09 = (Header) H
ft 3.11  )(Discharge H

ft 1.72 = (Column) H 

in) (84
gpm 240,53 0.4085  

64.4
0.50 + 

in 84
1  

110
gpm 53,240 ft 25.35 10.44 = (Header) H

in) (48
gpm240,53 0.4085  

64.4
1.95 + 

in 48
1  

110
gpm 53,240 ft 65 10.44 = )(Discharge H

 
in) (42

gpm240,53 0.4085  
64.4
0.5  

in 42
1  

110
gpm 53,240 ft45 10.44 = (Column) H

L

L

L

2

24.871.85

L

2

24.871.85

L

2

24.871.85

L

=








 ×
×






×






××








 ×
×






×






××








 ×
×+






×






××
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F HEAD LOSS FOR PIPELINE  

a Minor losses: 

Table A-I-4: PIPELINE 

Qty Description  Dimension k 
Sum of 

k 
1 Gradual Expansion 84"-108" 0.05 0.05 
1 Butterfly Valve 84" 0.3 0.3 
7 Butterfly Valve 108" 0.3 2.1 
15 45 Degree Bend 108" 0.1 1.5 
17 22.5 Degree Bend 108" 0.05 0.85 
1 Exit Loss N/A  1 1 
  Sum of Minor Losses     5.8 

 
b Pipeline operation discussion:  

The design is made by taking into consideration 2 parallel pipes of 108 inches in 
diameter. In case of the low flow condition or when all the pumps are not running to 
the capacity, the numbers of pipelines in operation depend on the velocity of water 
through the pipe. When the flow exceeds the velocity of 4 ft/s in Pipe-1, then Pipe-1 
and Pipe-2 should be used simultaneously. At times, pump station operators will 
operate the pumping system at velocities greater than 5 ft/s to flush sediment out of 
the pipes. This will be done as needed, but not under typical situations. 

c Sample Calculation: 

Qtotal

No. of pipes  : 2 
   : 230 MGD 

Q per pipeline  : 79,861 gpm 
Pipeline length  : 16,051 feet 
Nominal pipe diameter : 108 inches 
C    : 110 (steel pipe) 
Σk    : 5.8 
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 ×
×






×






××

in) (108
gpm 861,79 0.4085  

64.4
5.8 + 

in 108
1  

110
gpm 79,861 ft 051,16 10.44 = (Pipeline) H 2

24.871.85

L

 

HL (Pipeline)

 

 = 4.82 ft. 

G TOTAL DYNAMIC HEAD  
 

a Total Dynamic Head (TDH) at 230 MGD 
TDH = Static Head + Total Pipeline Friction Head 
 
i At low water elevation in the Trinity River 

TDH = 89.42 + 1.72 + 3.11 + 0.09 + 4.82 = 99.16 ft 
 

ii At median water elevation in the Trinity River 
  TDH = 87.42 + 1.72 + 3.11 + 0.09 + 4.82 = 97.16 ft 

 
iii At high water elevation (100 Year Flood) in the Trinity River 

  TDH = 63.22 + 1.72 + 3.11 + 0.09 + 4.82 = 72.96 ft 
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H PUMP SELECTIONS 

 
The pump station will be provided with an initial pumping capacity of 230 MGD.  Three 
duty pumps and no redundant pumps will be provided.  Each pump will meet two design 
points.: 
 

1) 53,200 gpm (76.7 MGD) at 97' TDH 
(3 duty pumps producing 230 MGD) 

2) ≥ 49,200 gpm (70.8 MGD) at 108.5' TDH  
(6 duty pumps producing greater than 425 MGD) 

 
In addition, the pump shall be selected to accommodate the following Future Condition: 

 
1) ≥ 49,600 gpm (71.4 MGD) at 114' TDH 

(7 duty pumps producing 500 MGD. Pumps must be capable of meeting Future 
Condition with only an impeller change) 

 
Pumps will be selected based on their best efficiency points at flow rates between 49,000 
- 57,000 gpm, which will result in highly efficient pumps during projected average day 
flows throughout the first two phases of  operation.  This pump strategy will also 
accommodate owner requested operational constraints and will allow an easy expansion 
to ultimate flows, if necessary. 
 

I SYSTEM CURVES 
The following system curves were generated using the equations, parameters, and 
assumptions listed above. System curves are preserved for multiple C-factors, Trinity 
River conditions, and the number of pipelines in operation.  
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II PUMPING COST CALCULATIONS 

A PURPOSE 

Lifetime pumping costs were evaluated for several different pump configurations.  This 
exercise was conducted to evaluate how increasing or decreasing the number of pumps in 
the pump strategy effects operational costs.  Included below is a description of the 
equations used, the assumptions made, a sample calculation, and a summary table that 
lists the results of the exercise. Lifetime pumping costs were estimated according to 
hypothetical water demands projected from the total project capacity.   
 

B EQUATIONS 

$/KW/Hr  Time Pumping  
Eff.Motor 

KW/BHP 0.7457  
Eff. Pump3960

SGHQ   Pumping ofCost ××





×








×

××
=

 

Q : Discharge in cfs 
H : Head loss in ft  
SG : Specific gravity of water 
BHP : Brake Horse Power 

 

C SAMPLE CALCULATIONS 

 Example 1: 3 Pumps Provided, Each with a 76.7 MGD Capacity. 

a Working Hours: 
Assumed Demand = 120 MGD 
Considering 15% losses through the canal, the net demand is 141 MGD. 
For this example, assume 3 pumps are installed, each with a capacity of of 76.7 MGD 
To meet the demand, 2 of 3 pumps would be operated; providing a total flow rate of 
153.4 MGD. 
Actual hours of operation of the pump are as follows: 

 

  dayhrsdayhrs
MGD

MGDrsWorkingHou /06.22/24
4.153

141
  =×=  
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b Velocity through the pipe: 

)(
)(

  2ftA
cfsQV =  

2

6

12
108

4
481.786400

104.153
  














××

×
=

π
V  = 3.73 ft/s 

Split between two pipes, the velocity in each pipe becomes: 

sftV /87.1
2
73.3

  ==  

 

c Head Loss: 

Hazen-Williams Equation (modified Darcy-Weisbach) 







 ×

×
∑







×






××

D
Q  0.4085 

2g
k  + 

D
1  

C
Q L 10.44  =  H 2

24.871.85

L  

 HL

 Pump Column: 
 – Head loss (feet) 

 Q Fluid flow (gpm)     = 53,240 gpm 
 L Pipe length (feet)     = 45 ft 
 D Pipe diameter (inches)   = 42 in 
 C Hazen-Williams roughness coefficient,  Cmax = 140 and Cmin

 Σ Minor loss factor     = 0.5 
 = 110 

 
 Discharge Pipe: 
 Q Fluid flow (gpm)     = 53,240 gpm 
 L Pipe length (feet)     = 65 ft 
 D Pipe diameter (inches)   = 48 in 
 C Hazen-Williams roughness coefficient,  Cmax = 140 and Cmin

 Σ Minor loss factor     = 1.95 
 = 110 

 
 Header Pipe: 
 Q Fluid flow (gpm)     = 53,240 gpm 
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 L Pipe length (feet)     = 35.25 ft 
 D Pipe diameter (inches)    = 84 in 
 C Hazen-Williams roughness coefficient,  Cmax = 140 and Cmin

 Σ Minor loss factor     = 0.5 
 = 110 

 
 Force Main: 
 Q Fluid flow (gpm)     = 106,480 gpm 
 L Pipe length (feet)     = 16,051 ft 
 D Pipe diameter (inches)    = 108 in 
 C Hazen-Williams roughness coefficient,  Cmax = 140 and Cmin

 Σ Minor loss factor     = 5.80 
 = 110 

 
 

( ) StaticHead
ofYearsNoCC

+





 ×

×
∑







×



















×−
−

××
D

Q  0.4085 
2g

k  + 
D
1  

40
.

C

Q L 10.44  =  H 2

24.87

minmax
max

1.85

L
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( )

( )

( )

( )

42.87         

108
2

106,480  0.4085
 

32.22
8.5 + 

108
1  

40
10110140

401

2
106,480

 16051 10.44          

84
240,53 0.4085 

32.22
5.0 + 

84
1  

40
10110140

401

53,240 35.25 10.44          

48
240,53 0.4085 

32.22
95.1 + 

48
1  

40
10110140

401

53,240 65 10.44          

42
53,240  0.4085 

32.22
5.0 + 

42
1  

40
10110140

401

53,240 45 10.44 =  H

2

2
4.87

1.85

2

24.87

1.85

2

24.87

1.85

2

24.87

1.85

L

+















 ×
×

×






×



















×−
−

××

+





 ×

×
×







×



















×−
−

××

+





 ×

×
×







×



















×−
−

××

+





 ×

×
×







×



















×−
−

××

 

 

HL

 

 = 93.74 ft 

d Brake Horse Power: 

EfficiencyPump
GravitySpecificftHgpmQ

Bhp l

×
××

= 3960
)()(

   

 

2931
86.03960

0.174.93480,106
  =

×
××

=Bhp  

e Kilowatt input to motor: 

efficiencymotor 
0.7457  bhp pump  motor  input to ×

=  
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KW5.2428
0.90

0.7457 2931  motor  input to =
×

=  

 

f Total KW-hr input to motor: 

operation of Hours input  KW      motor      input tohr -KW Total ×=  

           = 2428.5 x 22.06 

           = 53,572 KW-hr 

 

g Cost of pumping per month: 

Rate per KW-hr = $ 0.13  

Considering a 3% annual inflation rate, the cost for the year 2020 = 0.13(1+0.03)10

 

 = 

$0.175 

Cost of pumping per month  = Inflated rate per KW x Total KW input to motor x   

Number of days 

      = 0.175 x 53,572 x 30 = $281,253 

 

 Example 2: 2 Pumps Provided, Each with a 115 MGD Capacity 

a Working Hours: 
Assumed Demand = 120 MGD 
Considering 15% losses through the pipe network, the net demand is 141 MGD. 
Assume 2 pumps working a 115 MGD 
To meet the demand, both pumps would be running. 
 

Actual hours of operation of the pump are as follows: 

 

  hrsdayhrsrsWorkingHou 71.14/24
230
141

  =×=  
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b Velocity through the pipe: 

)(
)(

  2ftA
cfsQV =  

2

6

12
108

4
481.786400

10230
  














××

×
=

π
V  = 5.6 ft/s 

Split between the two pipes, the velocity in each pipe becomes: 

sftV /8.2
2
6.5

  ==  

c Head Loss: 

Hazen-Williams Equation (modified Darcy-Weisbach) 







 ×

×
∑







×






××

D
Q  0.4085 

2g
k  + 

D
1  

C
Q L 10.44  =  H 2

24.871.85

L  

HL
Column: 

 – Head loss (feet) 

Q Fluid flow (gpm)     = 79,900 gpm 
L Pipe length (feet)     = 45 ft 
D Pipe diameter (inches)   = 42 in 
C Hazen-Williams roughness coefficient,  Cmax = 140 and Cmin
Σ Minor loss factor     = 0.5 ft 

 = 110 

Discharge Pipe: 
Q Fluid flow (gpm)     = 79,900 gpm 
L Pipe length (feet)     = 65 ft 
D Pipe diameter (inches)   = 48 in 
C Hazen-Williams roughness coefficient,  Cmax = 140 and Cmin
Σ Minor loss factor     = 1.95 ft 

 = 110 

Header Pipe: 
Q Fluid flow (gpm)     = 159,800 gpm 
L Pipe length (feet)     = 35.25 ft 
D Pipe diameter (inches)    = 84 in 
C Hazen-Williams roughness coefficient,  Cmax = 140 and Cmin

Σ Minor loss factor     = 0.5 ft 
 = 110 

Force Main: 



 II - 7 

 

Q Fluid flow (gpm)     = 79,900 gpm 
L Pipe length (feet)     = 16051 ft 
D Pipe diameter (inches)    = 108 in 
C Hazen-Williams roughness coefficient,  Cmax = 140 and Cmin
Σ Minor loss factor     = 5.8 ft 

 = 110 

 
 

( ) 





 ×

×
∑







×



















×−
−

××
D

Q  0.4085 
2g

k  + 
D
1  

40
.

C

Q L 10.44  =  H 2

24.87

min
max

1.85

L ofYearsNoCCmaz
 

( )

( )

( )

( )

87.42         

108
79,900  0.4085 

32.22
8.5 + 

108
1  

40
10110140

401

79,900 16051 10.44          

84
800,159 0.4085 

32.22
5.0 + 

84
1  

40
10110140

401

800,159 35.25 10.44          

48
79,900  0.4085 

32.22
95.1 + 

48
1  

40
10110140

401

79,900 65 10.44          

42
79,900  0.4085 

32.22
5.0 + 

42
1  

40
10110140

401

79,900 45 10.44  =  H

2

24.87

1.85

2

24.87

1.85

2

24.87

1.85

2

24.87

1.85

L

+





 ×

×
×







×



















×−
−

××

+





 ×

×
×







×



















×−
−

××

+





 ×

×
×







×



















×−
−

××

+





 ×

×
×







×



















×−
−

××

 

 

HL

 

 = 101.94 ft 
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d Brake Horse Power: 

efficiency
avitySpecificGrftHgpmQ

Bhp l

×
××

= 3960
)()(

   

 

783,4
86.03960

0.194.101800,159
  =

×
××

=Bhp  

 

e Kilowatt input to motor: 

efficiencymotor 
0.7457  bhp pump  motor  input to ×

=  

 

KW3963
0.9

0.7457  4783  motor  input to =
×

=  

 

f Total KW-hr input to motor: 

operation of Hours input KW      motor      input tohr -KW Total ×=  

            = 3963 x 14.71 

            = 58,295 KW-hr 

 

g Cost of pumping per month: 

Rate per KW-hr = $ 0.13  

Considering a 3% annual inflation rate, the cost for the year 2020 = 0.13(1+0.03)10

 

 = 

$0.175 

Cost of pumping per month  = Inflated rate per KW x Total KW input to motor x 

Number of days 

      = 0.175 x 58,295 x 30 = $306,048 
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h Cost difference for the two scenarios: 

2 Pumps at 115 MGD costs: $306,048 / month  

3 Pumps at 76.7 MGD costs: $281,253 / month  

 

Difference in the cost:  $24,795 / month  

 

D SUMMARY TABLE 

The following is a summary table of the values generated using a spreadsheet that 
incorporated the equations and assumptions presented in the example above, and 
approximated monthly demand projections for the 2020 to 2040 period. This analysis shows 
the impact on operating costs when modifying pump size and number of pumps utilized. 

 

Table A-II-1: Cost for different pump scenarios 

Number of 
Pumps 
(Firm) 

Individual 
Pump Capacity 

(MGD) 

Total Pump 
Capacity 
(MGD) 

20 Yr Operating Cost  
(2020-2040) 

82 % Efficient Pump 86% Efficient Pump 

6 38.3 230 $96,200,000 
 

$91,700,000 
 

5 46.0 230 $96,600,000 
 

$92,100,000 
 

4 57.5 230 $97,400,000 
 

$92,900,000 
 

3 76.7 230 $101,000,000 
 

$96,000,000 
 

2 115.0 230 $106,800,000 
 

$102,000,000 
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III PUMP BAY CALCULATIONS 

A PURPOSE 

The purpose of this section is to determine the dimensions of the pump bay and flow 
guide vanes. The Hydraulic Institute provides guidance for sizing pump bay dimensions. 
Various pump bay dimensions and the pump submergence are calculated with respect to 
the selected pump bell diameter.  
 

B CALCULATIONS 

If the pump has not been selected, as per the Hydraulic Institute, it is recommended that 
the inlet bell diameter is chosen based on achieving the bell inlet velocity that provides 
acceptable inflow conditions to the pump. As per the Hydraulic Institute, the bell inlet 
velocity should be in the range of 4.0 ft/s to 7.0 ft/s with a recommended velocity of 
5.5 ft/s in average flow conditions. 
 

a Design Pump Bell Diameter: 

The design pump bell diameter can be determined based on recommended inlet 
velocities as specified by the Hydraulic Institute. 
 

Maximum anticipated flow rate  : 69,500 gpm : 154.8 cfs  
Average anticipated flow rate : 53,200 gpm : 118.6 cfs 
Minimum anticipated flow rate : 49,190 gpm : 109.6 cfs 
 

Based on the analysis of the range of flow rates above, a design pump bell diameter 
of 5.5 ft was selected, which resulted in the following set of velocities. 

 
At Q = 154.8 cfs, V = 6.5 ft/s 
At Q = 118.6 cfs, V = 5.0 ft/s 
At Q = 109.6cfs, V = 4.6 ft/s 
 
The calculated velocities are in general conformance with range specified in the 
Hydraulic Institute Standards.  
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b Pump Bell Submergence: 

Another important aspect of the pump bay design is the submergence of the pump 
bell to reduce the probability of strong free-surface air core vortices occurring. 
 
The Hydraulic Institute provides two equations to determine submergence. For 
calculation, a velocity of 5.00 ft/s at the pump bell inlet has been considered. For this 
project, the worst case condition related to submergence results during low flow 
conditions in the Trinity River. During low flow conditions, the inlet velocities at the 
pumps will not exceed 5.00 ft/s. 
 

i Equation 1: 
 

( )DFDS 3.21  +=  
FD

D   : Outside diameter of bell or pipe inlet 

  : Froude number (dimensionless) 

S   : Minimum Submergence 

 

gD
VFD   =  

5.52.32
00.5

  
×

=DF  = 0.376 

 

( )376.03.215.5  ×+=∴S  = 10.26 ft 

 

OR 

 

ii Equation 2: 

 

5.1

574.0
  

D
QDS ×

+=  
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  Note: S is in inches, g = 32.2 ft/sec2

AVQ ×=  

, Q in gpm and D in inches. 

  

4
5.500.5  

2×
×=
πQ  = 118.79 cfs = 53,322 gpm 

 

5.166
322,53574.066  

×
+=∴S  = 123.08 in = 10.26 ft. 

 

Approximately 12 ft of submergence will be provided to ensure that submergence 

related problems do not arise. 

 

c Pump Bay Dimensions: 

Pump bay dimensions were determined according to Hydraulic Institute 
recommendations, which are primarily dictated by proportions of the pump bell 
diameter. Additional dimensions are recommended by Jones in Pump Station Design 
(Copyright 2008). Table A-IV-1 summarizes the recommended dimensions. Figures 
A-1 and A-2 provide illustrations depicting the various dimensions. 
 

 

 
Table A-IV-1 – Summary of Recommended Dimensions 

Dimension 
Variable Description Recommended Valve Dimension 

(ft) 

A 
Distance from the pump inlet bell 
centerline to the intake structure 
entrance 

A = 5D minimum, assuming no 
significant cross-flow at the 
entrance to the intake structure 

27.5 

B  Distance from the back wall to the 
pump inlet B = 0.75D 4.12 

C Distance between the inlet bell and 
floor C = 0.3D to 0.5D 1.65-2.75 

D Inlet bell design outside diameter   5.5 
H Minimum liquid depth H = S + C 13.15 
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h  
Minimum height of constricted bay 
section near the pump inlet bell 
submergence 

h  = (greater of H or 2.5D) 13.75 

S Minimum pump inlet bell 
submergence S = D(1.0 + 2.3FD 10.26 ) 

W Pump inlet bay entrance width W = 2D minimum 11 

w Constricted bay width near the pump 
inlet bell w = 2D 11 

X Pump inlet bay length 
X = 5D minimum, assuming no 
significant cross-flow at the 
entrance to the intake structure 

27.5 

Y 
Distance from pump inlet bell 
centerline to the through-flow 
traveling screen 

Y = 4D minimum. Dual flow 
screens require a model study 22 

Z Distance from pump inlet bell to 
diverging walls 1 

Z1
27.5 

 = 5D minimum, assuming no 
significant cross-flow at the 
entrance to the intake structure. 

Z Distance from inlet bell centerline to 
sloping floor 2 Z2 27.5  = 5D minimum 

α Angle of floor slope α = -10 to +10 degrees  10° 
β Angle of wall convergence β = 0 to +10 degrees N/A  

Ф Angle of convergence from 
constricted  area to bay walls Ф = 10 degrees maximum  N/A 

Reference: ANSI/HI 9.8-1998 American National Standard for Pump Intake Design 
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Figure A-1 - Recommended intake structure layout 
 
Reference: ANSI/HI 9.8-1998 American National Standard for Pump Intake Design 
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Figure A-2 - Filler wall details for proper bay width 
Reference: ANSI/HI 9.8-1998 American National Standard for Pump Intake Design 
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IV TRASH RACK CALCULATIONS 
 

A INTRODUCTION 
 

The trash rack width will be based on several factors, including predetermined pump 
station dimensions, approach velocities, environmental concerns (threats to fish and 
wildlife), bar screen velocities, and headloss.  Texas does not have established design 
requirements for raw water intakes.  An approach velocity of 0.5 ft/s or less is commonly 
recommended to ensure that fish and wildlife do not get impinged on the screen.  
Approach velocities are defined as the velocity leading up to, but not necessarily through 
the trash rack.  AECOM will design the trash rack to achieve approach velocities of 
approximately 0.5 ft/s during typical operating conditions and less than 1.5 ft/s during 
extreme operating conditions.  Screen velocities and headloss will be determined to 
confirm that excessive conditions do not result from the design. Headloss calculations 
assume a 60% blockage of the screens, a conservative estimate which would only occur 
in the event of a trash rack cleaning mechanism failure.  
 

B CALCULATIONS 
 

a Flow rate through the trash rack: 
i Design Flow =  Average day flow = 230 MGD 

ii Extreme Flow = Maximum instantaneous withdrawal rate = 500 MGD 

s

s

cf 773.60= 
mgd

cfs
 1.5472  MGD 500= Flow Extreme

cf 355.85= 
mgd

cfs
 1.5472  MGD 230= FlowDesign 




 

 

b Calculation of bar screen efficiency co-efficient, K: 
 

Net wet area through bars = (wet area of channel) x (efficiency coefficient of bars, 
K) 
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0.8 = 

2" + 1/2"

2"
 =K   

2
1 = flow facing width bars maximum = W 

 2 = openingscreen  minimum =A  Where

 
A +W 

A
 = (K) Efficiency

"

"

 

c Calculation of water depth: 

  Average day (median) flow water surface elevation  : 19.80 ft 

  Low flow (1500 cfs) water surface elevation       : 17.80 ft  

  Intake channel (bottom) elevation    : 12.00 ft 

  Effective intake channel width     : 112.5 ft  

 

  Water depth during average flow = 19.80 – 12.00 = 7.80 ft  

  Water depth during low flow = 17.80 – 12.00 = 5.80 ft  

 

d Design flow condition: 

i Approach Velocity: 

 

 
(ft) water ofDepth   (ft) weir ofLength 

(cfs) flowrate
 =VelocityApproach  

  

 
ft 7.80 ft 112.5

cfs  355.85
  VelocityApproach 




 = 0.4 ft/s 

ii Screen Velocity: 

 

  1K  (ft) water ofDepth   (ft) width Channel

(cfs) flowrate
 =VelocityScreen  

Blockage  
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Average day flow    : 355.85 cfs 

Effective intake channel width  : 112.50 ft 

Depth of Water (Avg. Condition)  : 7.80 ft 

Blockage     : 60 % 

Efficiency (K)     : 80 %  

 

 
0.6)1(8.0ft 7.8 ft 112.5

cfs 355.85
  VelocityScreen  




 

     Screen Velocity = 1.27 ft/s 

    

iii Head loss through the screen: 

0.7

1
  

2g

 v- V
  h

22

headloss   

V = Velocity Through Bars 

v = Approach Velocity 

0.7 = Screen Coefficient 

0.7

1
  

32.22

0.4 - 1.27
  h

22

headloss 


 = 0.032 ft 

 

e Extreme flow condition: 

 

i Approach Velocity: 

 
(ft) water ofDepth   (ft) weir ofLength 

(cfs) flowrate
 =VelocityApproach  

  

 
ft 5.80 ft 112.5

cfs  773.60
  VelocityApproach 




 = 1.18 ft/s 
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ii Screen Velocity: 

  1K  (ft) water ofDepth   (ft) width Channel

(cfs) flowrate
 =VelocityScreen  

Blockage  

 

Maximum flow rate    : 773.60 cfs 

Effective intake channel width  : 112.5 ft 

Depth of Water (1500 cfs)   : 5.80 ft 

Blockage     : 60 % 

Efficiency (K)     : 80 %  

 

 
0.6)1(8.0ft 5.8 ft 112.5

cfs 773.60
  VelocityScreen  




 

     Screen Velocity = 3.7 ft/s 

 

    

iii Head loss through the screen: 

0.7

1
  

2g

 v- V
  h

22

headloss   

V = Velocity Through Bars 

v = Approach Velocity 

0.7 = Screen Coefficient
0.7

1
  

32.22

1.18 - 3.7
  h

22

headloss 


 = 0.273 ft 
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V SOLIDS SETTLING CALCULATIONS 

 
A PURPOSE 

The purpose of this section is to evaluate the ability of the pre-pump sediment settling 
zone to remove sediment from the raw river water. Sediment settling depends on the size 
and density of the particle, the type of fluid, and the velocity of the flow in the basin. 
Different sized particles have different settling time, hence, in this exercise we determine 
the distance required for different sized particles to settle. 

B EQUATIONS 

a Newton’s Law: 

Newton’s Law yields the terminal particle velocity by equating the gravitational force 
of the particle to the frictional resistance or drag. The settling force is given as 
follows: 

 

p
w

wp

d

d
C
g








 −
=

ρ
ρρ

3
4  Vt  

 

tV  : Particle settling velocity 

pρ  :  Density of particle 

wρ  :  Density of water 

g  :  Acceleration due to gravity 

dC  :  Drag coefficient 

pd  :  Particle diameter 

 
The coefficient dC  takes on different values depending on whether the flow regime 
surrounding the particle is laminar or turbulent. There are three distinct regions 
depending on Reynolds number: laminar (  Re' <0.2), transitional (  Re' = 0.2 to 2000), 
and turbulent (  Re' > 2000).  
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b Reynolds Number:  

Reynolds number (Re’

 

) is the ratio of inertial forces to viscous forces and is given by 
the formula below. 

µ
ρxU

  Re'=  

 

Re’ : Reynolds number 

x : Particle diameter 

U : Velocity  

ρ    : Density of the fluid 

µ    : Viscosity of water 

 

c Drag Coefficient:  

The drag coefficient ( dC ), for particles that are approximately spherical, is 
approximated by the following equation:  
 

34.0
Re'
3

Re'
24  Cd ++=  

 

dC  :  Drag coefficient 

Re’ : Reynolds number 

 

d Stokes Law:  

Stokes Law is a simplification of Newton’s Law for settling in the laminar region (the 
first term of the drag coefficient predominates and the other terms can be left out). 
For small particles with a Reynolds Number less than 0.2, the settling velocity (or 
terminal velocity) is given by the following equation: 
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( )
 

 18
 - gd

   =  V m
  2

t µ
ρρ p  

tV  : Particle settling velocity 

g : Acceleration due to gravity 

d : Diameter of the particle 

pρ  : Density of the particle 

mρ  : Density of water 

µ   : Viscosity of water 

 

e Settling in the Transition Region 

For particles with a Reynolds Number greater than 0.2 and less than 2000, known as 
the transition region, the complete form of the drag equation must be used to 
determine the settling velocity. Because of the nature of the drag equation, finding 
the settling velocity is an iterative process. An approximate settling velocity is 
chosen and based on that velocity a Reynolds Number, drag coefficient, and new 
settling velocity is calculated in sequential steps. This new settling velocity is then 
used in the same process until the resultant settling velocity is equal to the input 
settling velocity.   

 
C ASSUMPTIONS 

 
Flow : 69,500 gpm  : 154.83 cfs 
Width of the Channel  : 12.75 ft 
Depth of the Channel  : 1 ft (Depth of channel is not consequential. Determined 

using a unit depth of 1 ft) 
Number of Pump per channel : 1 No. 
Acceleration due to gravity : 9.81 m/s
Particle Diameter  : 0.000375 m (Medium Sand), See Table A-V 

2 

Particle Density  : 2650 kg/m3

Density of Water  : 1000 kg/m
  

Viscosity of Water  : 0.00105 Pa-s at average water temp. of 68°F 

3 
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D SAMPLE CALCULATIONS 

 
a Channel Velocity: 

 
.
Q  =  V

ofChannelNoA×
 

 

 
1175.12

cfs 154.83  =  V
×× ftft

= 11.91 ft/s 

 

b Stokes Settling Velocity: 

  
( )

 
 18

 - gd
   =  V m

  2

t µ
ρρ p  

 

( ) 
s-Pa 0.00105 18

kg/m 1000 - kg/m 26500.000375m/s 9.81   =  V
3322

t ×
×  

 

Vt
 

c Stokes Reynolds Number: 

= 0.1204 m/s = 0.3950 ft/s 

 

µ
ρxU

  Re'=  

 

00105.0
kg/m 1000  m/s 0.1204  m 0.000375

  Re'
3××

=  = 43.01 

 

d Newton’s Law Calculation for Settling in the Transition Zone: 

Since the Reynolds Number is greater that 0.2, the full drag equation must be used to 
calculate the settling velocity. After iteration, the resulting Reynolds Number, drag 
coefficient, and settling velocity is calculated: 
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14.22
00105.0

/1000/062.0000375.0xU
  Re'

3

=
××

==
mkgsmm

µ
ρ  

 

061.234.0
14.22

3
14.22

2434.0
Re'
3

Re'
24  Cd =++=++=  

 

smd
C
g

p
w

wp

d

/0062.0000375.0
1000

10002650
061.23
81.94

3
4  Vt =×









 −

×
×

=






 −
=

ρ
ρρ

 

 

= Vt  0.203 ft/s 

 

e Settling Distance Required: 

 

 Velocity ChannelDepth Water   =  
locitySettlingVe

×  

 

 
/203.0

ft 11.91 1ft   =  
sft

×     = 58.60 ft 

 

Table A-V-1: Settling Distance for Different Particles at Various Flow Rates 

Particle Size Description Channel Flow Rate (GPM X 1000)/ 
Settling Distance (ft) 

30 40 50 60 70 
Settling Distance (feet) 

33.2 microns Silt 1693 2257 2821 3385 3949 
93.75 microns Very Fine Sand 235 313 392 470 548 
187.5 microns Fine Sand 69 93 116 139 162 
375 microns Medium Sand 26 34 43 52 60 
750 microns Coarse Sand 12 16 20 24 28 
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E SEDIMENT VOLUME REMOVED 

The sediment removal will be done in both the pre-pump intake settling chamber and the 
post-pipeline sedimentation basin. 
 
For this sample calculation, we assume the flow of a 2-year flow in the Trinity River at 
48,600 cfs, a pumping rate or 230 mgd and a 50 ft settling chamber. The sediment 
transport model developed by Baird predicts a concentration of approximately 700 mg/l 
in the Trinity River at the intake location. 

 

For Medium Sand: 

a Concentration: 

From the Baird data (see Appendix C-1 Figure 6), the approximate percentage of 
Medium Sand is 7%. 

mg/lit 49   0.07 mg/lit  700 = Sand Medium ofion Concentrat =×  

 

b Mass of medium sand in pump station flow: 

Pumping Rate = 230 mgd = 870.64 mld 

kg 42,661.36 
/10

/10  870.64 mg/lit  49 =sand medium of Mass 6

6

=
××
kgmg

daylit  

 

c Mass Removed: 

%7.84
ft 59
ft 50 

required distance Settling
 provided distance Settling   removed Percentage ===  

kg 36,134.17  
100
84.7  kg 42,661.36 = removed Mass =×  

 

d Volume of Solids: 

Bulk Density = 1470 kg/m3

 

  

3
3 m 24.58 

kg/m 1470
kg 36,134.17 =Solids of Volume = per day 
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F AVERAGE YEARLY SEDIMENT EXTRACTION PRE-PUMP 

The table below expands on the calculation methodology described above to analyze 80 
years of historic flow data to determine an average annual sediment extraction estimate 
based on a pumping rate of 230 MGD and 425 MGD.  
 

Table A-V-2: Average Yearly Sediment Extraction Pre-Pump 

Pumping 
Rate 

(MGD) 

Volume of Pre-
Pump Sediment 

Extraction          
(Ac-Ft) 

Volume of Sed-
Basin Sediment 

Extraction          
(Ac-Ft) 

Total Sediment 
Volume (Ac-Ft) 

230 2.75 1.47 4.4 
425 5.16 2.76 8.24 
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VI HYDRAULIC PROFILE CALCULATIONS 

A PURPOSE 

Water passes through the trash rack, isolation gates, and sedimentation area when 
entering from the river into the pump.  The obstructions to the flow cause head loss that 
should be taken into account when determining appropriate pump elevations and amount 
of submergence. 
  

B CALCULATIONS 

a Minimum water surface elevation discussion:   

Minimum future Trinity River water surface elevations are greatly dependent on the 
pumping rates of the Capers Ridge and existing Trinity River Pump Station.  A large 
percentage of the total flow in the Trinity River is comprised of flow that will be 
diverted from the pump stations during periods of high pumping rates and otherwise 
low natural conditions.  As discussed in more detail in Chapter 2, the Trinity River 
Authority will release water from Lake Livingston to ensure that water rights are met; 
therefore, during periods of extremely low flow, additional water will be released into 
the Trinity River.  Based on modeling performed by AECOM, the future minimum 
water surface elevation is expected to be 16.9 feet during periods of low pumping 
operations and low natural flow; however, during periods of high pumping operations 
and low natural flow, the minimum water surface elevation is expected to be 17.8 
feet.  In this PER, different minimum water surface elevations are assumed and 
presented (either 16.9 or 17.8 feet) according to the situation being evaluated. Head 
loss calculations assume a 60% blockage of the screens, a conservative estimate 
which would only occur in the event of a trash rack cleaning mechanism failure. 
 

b Case 1: 2 Pumps operating at 69,500 gpm 

i. Head loss through the trash rack: 

(a) Approach Velocity: 
Maximum flow rate    : 154.83 X 2 = 309.66 cfs 
Intake channel width    : 112.5 ft 

Depth of Water (1000 cfs)   : 4.90 ft 
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(ft) water ofDepth   (ft) weir ofLength 

pumps of No.(cfs) flowrate =VelocityApproach  
×
×

 

 
 

 
ft 4.9 ft 112.5
nos. 2  cfs  154.83  VelocityApproach 

×
×

=  = 0.56 ft/s 

(b) Screen Velocity: 
Blockage     : 60 % 
Efficiency (K)    : 80 %  
 

 

 
Blockage)1(K  (ft) water ofDepth   (ft) width Channel

pumps of No. (cfs) flowrate =VelocityScreen  
−×××

×

 

 

 
0.6)1(8.0ft 4.9 ft 112.5

nos. 2  cfs 154.83  VelocityScreen  
−×××

×
=  

Screen Velocity = 1.76 ft/s 

 

(c) Head loss through the screen: 

0.7
1  

2g
 v- V  h

22

headloss ×=  

V = Velocity Through Bars 

V = Approach Velocity 

0.7 = Screen Coefficient 

0.7
1  

32.22
0.56 - 1.76  h

22

headloss ×
×

= = 0.062 ft 
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ii. Head loss through Gate 1: 
0.3852/3

3/2
a 1 h ft  L  3.3  =cfs Q 




















−××

a

d

h
h  

 
0.3852/3

3/2

9.16
1 16.9 ft  11  3.3  =cfs  154.83 


















−×× dh  

hd

 

 = 16.892 ft 

ha – hd

 

 = 0.008 ft 

iii. Head loss through Gate 2: 

g2
1

ftA    0.61
cfs Q=ft H 

2

2 ×







×
 

 

2

2

/2.322
1

ft 13ft 11   0.61
cfs 154=ft H 

sft×
×








××
 

 

H = 0.0489 ft 

Table A-VI-1: WSEs when 2 pumps operating at 69,500 gpm 

WSE in the Trinity River 16.90 ft 

WSE after the Trash Rack 16.9 – 0.062 = 16.838 ft 

WSE after the Sluice Gate 1 16.838 – 0.008 = 16.830 ft 

WSE after the Sluice Gate 2 16.830 -  0.0489 = 16.781 ft 

 

 

c Case 2: All the pumps operating at 49,600 gpm for design capacity of 500 MGD 
 

i. Head loss through the trash rack: 
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(a) Approach Velocity: 

Maximum flow rate    : 773.56 cfs 
Intake channel width    : 112.5 ft 
Depth of Water (1500 cfs)   : 5.80 ft 
 

 
 

 
(ft) water ofDepth   (ft) weir ofLength 

pumps of No.(cfs) flowrate =VelocityApproach  
×
×

 

 
 

 
ft 5.80 ft 112.5

cfs 773.56  VelocityApproach 
×

=  = 1.18 ft/s 

(b) Screen Velocity: 
Blockage     : 60 % 
Efficiency (K)    : 80 %  
 

 

 
BlockageK  (ft) water ofDepth   (ft) width Channel

pumps of No. (cfs) flowrate =VelocityScreen  
×××

×

 

 
0.6)1(8.0ft 5.8 ft 112.5

 cfs 773.56  VelocityScreen  
−×××

=  

Screen Velocity = 3.70 ft/s 

     

(c) Head loss through the screen: 

0.7
1  

2g
 v- V  h

22

headloss ×=  

V = Velocity Through Bars 

V = Approach Velocity 

0.7 = Screen Coefficient 
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0.7
1  

32.22
1.18 - 3.70  h

22

headloss ×
×

= = 0.273 ft 

 
i.  Head loss through Gate 1: 

0.3852/3
3/2

a 1 h ft  L  3.3  =cfs Q 



















−××

a

d

h
h  

 
0.3852/3

3/2

8.17
1 17.8 ft  11  3.3  =cfs  110.52 


















−×× dh  

hd

 

 = 17.797 ft 

ha – hd

 

 = 0.003 ft 

ii. Head loss through Gate 2: 

g2
1

ftA    0.61
cfs Q=ft H 

2

2 ×







×
 

 

2.322
1

ft 13ft 11   0.61
cfs 110.52=ft H 

2

×
×








××
 

 

H = 0.025 ft 

 

Table A-VI-2: WSEs when all the pumps operating at 43,400 gpm  

WSE in the Trinity River 17.80 ft 

WSE after the Trash Rack 17.80 – 0.273 = 17.527 ft 

WSE after the Sluice Gate 1 17.527 – 0.003 = 17.5246 ft 

WSE after the Sluice Gate 2 17.7524 -  0.025 = 17.499 ft 
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VII SIMPLIFIED SURGE CALCULATIONS 
 

A PURPOSE 
 

The purpose of analyzing the potential for hydraulic transients in a pipeline system is 
important as they can cause unnecessary pressure during the pump station operation, 
such as (1) opening or closing of the valve, (2) change in the flow demand, (3) 
controlled pump shutdown, (4) pump failure, (5) air venting from pipelines, (6) 
failure of flow or pressure regulators and (7) pipe rupture.  The equations utilized in 
this appendix are meant to provide an estimate of maximum theoretical pressure 
surges associated with hydraulic transients.  Further hydraulic transient analysis is 
proposed for the final design phase for the purpose of obtaining a refined 
understanding of probable maximum pressures.   
 
A figure is provided at the end of this appendix that shows a hydraulic profile, 
inverted hydraulic profile, and pipeline profile.  The figure was developed as part of 
an exercise to determine possible locations along pipeline that may be subject to 
negative pressures and water column separation in the event that an extreme hydraulic 
transient is created by a sudden change in pipeline velocity.  Locations along the 
pipeline that may have a higher likelihood of this occurring are identified as those 
areas at which the inverted hydraulic profile crosses the pipeline profile.  It is 
recommended that these areas be further inspected through hydraulic transient 
modeling during the final design phase.  Surge control equipment, such as air release 
and vacuum breaking valves may be required at these locations. 

 
B ASSUMPTIONS 

 

Number of pipes: 2 no. 

Pipe Diameter: 108 in = 9 ft 

Cross-section area of pipe: 64 ft

Pipe Material: PCCP or steel 

2 

Pipe length: 16,051 ft 

Maximum static head: 89 ft 

C value: 110 

Bulk modulus of elasticity, K (lb/ft2): 4.49E+07 
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Water Density, ρ (slugs/ft3

Table A-VII-1: Pipe Specifications 

): 1.93 

 

 

 

 

 

 

 

 

 

 

C CALCULATIONS 

 

a Sample Calculation 1: For the flow of 230 MGD 

i Wave Speed: 














+

=

e
D

E
KC

Ka
1

/ ρ  

 

For PCC Pipe: 

 

C = 1 (pipe anchored at the upstream end only) 

sec/3958

667.0
9

1025.1
1049.411

93.1/1049.4

9

7

7

fta =
















×
×

+

×
=  

 

For Steel Pipe: 

 

 PCCP Steel 

Pipe Size (ft) 9 9 

Pipe Length (ft) 16051 16051 

Pipe Wall Thickness, e (ft) 0.667 0.0416 

Modulus of Elasticity, E (lb/sq.ft.) 1.25E+09 4.32E+09 

Poisson’s Ratio,  µ 0.25 0.30 

C1 1 = 1.25 –  µ 0.95 

C2 = 1 –  µ 0.9375  2  0.91 

C3 1  = 1 1 
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C = 1 (pipe anchored at the upstream end only) 

sec/2676

0416.0
9

1032.4
1049.411

93.1/1049.4

9

7

7

fta =
















×
×

+

×
=  

 

ii Critical Time: 

 
a

2L    t c =  

 

For PCC Pipe: 

sec 8   
3958
160512    t c =

×
=  

 

For Steel Pipe: 

sec 12   
2676
160512    t c =

×
=  

 

iii Head: 

 
g

Va  h  ×
=  

 

 
)(ft pipe of Area
(cfs) pipe 1 through Flow   V 2=  

 

ft/sec 2.8   
63.61
356/2   V ==  
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For PCC Pipe: 

ft 344   
2.32

8.23958  h  =
×

=  

 

For Steel Pipe: 

ft 234   
2.32

80.22676  h  =
×

=  

 

iv Total Head: 

H = h + Static head 

 

For PCC Pipe: 

H = 344+ 89 = 434 ft 

 

For Steel Pipe: 

H = 232 + 89 = 322 ft 

 

v Total Pressure: 

For PCC Pipe: 

psi 188   
2.31
434  P ==  

 

For Steel Pipe: 

psi 140   
2.31
322  P ==  

 

b Sample Calculation 2: For the flow of 500 MGD 

 

i Wave Speed: 
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+

=

e
D

E
KC

Ka
1

/ ρ  

 

For PCC Pipe: 

 

C = 1 (pipe anchored at the upstream end only) 

 

sec/3958

667.0
9

1025.1
1049.411

93.1/1049.4

9

7

7

fta =
















×
×

+

×
=  

 

 

 

 

For Steel Pipe: 

 

C = 1 (pipe anchored at the upstream end only) 

sec/2676

0416.0
9

1032.4
1049.411

93.1/1049.4

9

7

7

fta =
















×
×

+

×
=  

 

ii Critical Time: 

 
a

2L    t c =  

 

For PCC Pipe: 

sec 8   
3958
160512    t c =

×
=  
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For Steel Pipe: 

sec 12   
2676
160512    t c =

×
=  

 

iii Head: 

 
g

Va  h  ×
=  

 

 
)(ft pipe of Area
(cfs) pipe 1 through Flow   V 2=  

 

ft/sec 6   
63.61
774/2   V ==  

 

 

For PCC Pipe: 

ft 747   
2.32

08.63958  h  =
×

=  

 

For Steel Pipe: 

ft 505   
2.32

08.62676  h  =
×

=  

 

iv Total Head: 

H = h + Static head 

 

For PCC Pipe: 

H = 747+ 89 = 837 ft 
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For Steel Pipe: 

H = 505 + 89= 594 ft 

 

v Total Pressure: 

For PCC Pipe: 

psi 363   
2.31
837  P ==  

 

For Steel Pipe: 

psi 258   
2.31
594  P ==  

 

D CONCLUSIONS 

This exercise is based on simplified equations that typically result in conservative 

values for maximum potential surge pressure.  The purpose of this exercise is to 

determine the potential for elevated pipeline pressures resulting from hydraulic 

transients and to determine if additional evaluation is warranted.  The equations used 

in this exercise yield relatively high potential pressures, higher than those typically 

designed for within this region.  Based on the results of this exercise, AECOM 

strongly recommends further evaluation and computer modeling of hydraulic 

transients within the proposed pipeline. 
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Appendix B 
 

Geotechnical Information 
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Appendix C 
 

Topographic and Bathymetric Survey 
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Appendix D 
 

Project Schedule and Cost Estimate 
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LUCE BAYOU INTERBASIN TRANSFER PROJECT PRELIMINARY OPINION OF PROBABLE CONSTRUCTION COST

LUCE BAYOU INTERBASIN TRANSFER PROJECT
PRELIMINARY OPINION OF PROBABLE CONSTRUCTION COST

Item description Unit  Quantity Unit price Total price

Canal1, 2 Mi 23.46 $4,856,000 $113,900,000

Pipeline2, 3 Ft 16,000 $2,818 $45,100,000

Pump Station Facility2, 4 LS 1 $49,716,000 $49,700,000

Electrical Transmission Service2, 5 LS 1 $12,815,400 $12,800,000

Land Acquisition and Environmental Mitigation Costs6, 7 LS 1 $14,500,000 $14,500,000

Engineering, Legal, and Financial Services8 LS 1 $59,000,000 $59,000,000

GRAND TOTAL9, 10, 11 $295,000,000

Notes & Assumptions:

8 Estimate based on 25% of Construction, Land, and Mitigation Costs
9 Grand Total based on Construction, Land, Mitigation, and Engineering, Legal, and Financial service costs

11 The above Engineer’s Estimate is only an estimate of possible construction costs for budgeting purposes.  This estimate is limited to
the conditions existing at its issuance and is not a guaranty of actual price or cost.  Uncertain market conditions such as, but not limited
to: local labor or contractor availability, wages, other work, material market fluctuations, price escalations, force majeure events, and
developing bidding conditions etc may affect the accuracy of this estimate.  AECOM is not responsible for any variance from this
estimate or actual prices and conditions obtained.

2 Includes 30% contingency to cover unforeseen project changes or additions.  A lower level of contingency (20%) was used in the
OPCC provided in the 2007 Alternatives Analysis

7 Includes 20% contingency to cover unforeseen damages and may include some litigation; actual total litigation cost subject to
determination by CWA Counsel

10 2010 dollars; no escalation or inflation applied

6 Acreages derived from County Appraisal District records and recent survey data, where available; includes all project area and
3,126.9 acres for mitigation

5 Cost based on information provided by Sam Houston Electrical Cooperative.  Similar costs were not included in the OPCC provided
in the 2007 Alternatives Analysis

4 Includes cost for the pump station structure, electrical building, control building, maintenance building, Phase 1 pumps, and
associated Phase 1 piping and valves.  Also includes auxiliary power generation facilities based on vender quote plus markup for
installation, overhead, and profit, which were not included in the OPCC provided in the 2007 Alternatives Analysis.

3 Includes cost for two 108" pipelines; assumes open cut construction; depth of cover 6'; material cost of $540/LF

1 Includes cost for the canal, canal maintenance facility, and settling basin



LUCE BAYOU INTERBASIN TRANSFER PROJECT PRELIMINARY CONSTRUCTION  COST ESTIMATE

Item No Item description Unit  Quantity Unit price  Total price

1 Excavation & Grading CY     2,996,691 $5.00 $            14,983,500

2 Clearing & Grubbing AC               846 $10,000.00 $              8,462,300

3 Hydromulch Seeding AC               768 $1,500.00 $              1,152,600

4 8" Crushed Aggregate (maintenance road) SY        172,044 $14.50 $              2,494,600

5 6" Lime Stabilized Subgrade (maintenance road) SY        199,572 $3.00 $                 598,700

6 6% Lime (maintenance road) Ton            2,694 $145.00 $                 390,700

7 Compacted Embankment CY        722,264 $5.00 $              3,611,300

8 Clay Lining CY     1,021,896 $2.00 $              2,043,800

9 Transportation of soil CY/Mile       204,379 $2.80 $                 572,300

10 Fill in Waste Area CY     1,635,164 $2.00 $              3,270,300

11 Outfall Structure Ea                   1 $1,018,000.00 $              1,018,000

12 4 Strand-Barbed Wire Fence (including posts and wires) LF        242,600 $7.00 $              1,698,200

13
6'-Chain Link Fence at Crossing Locations (including gates
and posts) LF            6,000 $15.00 $                   90,000

14 6" Concrete Lining (canal bends) SY          44,240 $50.00 $              2,212,000

15 Canal Maintenance Facility LS                   1 $4,512,000.00 $              4,512,000

16 Water Level Control Gates (dual gates per each) Ea                   7 $329,000.00 $              2,303,000

17 Electrical Easements Crossings LS                   1 $896,000.00 $                 896,000

18 Temporary Pavement (road crossings) SY            3,800 $14.00 $                   53,200

19 Set Type 1 (road crossings) Ea                   1 $8,000.00 $                     8,000

20 Trench Protection (road crossings) LF            1,500 $10.00 $                   15,000
21 Concrete Box Culverts- 7' x 5' (road crossings) LF               500 $200.00 $                 100,000

22 Concrete Box Culverts- 8' x 7' (road crossings) LF               738 $295.00 $                 217,710

23 Concrete Box Culverts- 9' x 5' (road crossings) LF            2,400 $302.00 $                 724,800

24 Concrete Box Culverts- 10' x 5' (road crossings) LF               396 $410.00 $                 162,360

25 Cast-in-place Headwall/Wingwalls- 10' (road crossings) Ea                   2 $18,000.00 $                   36,000

26 Cast-in-place Headwall/Wingwalls- 9' (road crossings) Ea                   4 $18,500.00 $                   74,000

27 Cast-in-place Headwall/Wingwalls- 8' (road crossings) Ea                   5 $15,000.00 $                   75,000

28 Cut & Restoring Pavemnet (ASPH) SY            1,688 $50.00 $                   84,400

29 Concrete Box Culverts- 10' x 7' (canal siphon) LF          15,200 $600.00 $              9,120,000

30 Concrete Box Culverts- 5' x 7' (canal siphon) LF          15,200 $200.00 $              3,040,000
31 Concrete Box Culvert- 6' x 3' (canal siphon) LF            5,700 $200.00 $              1,140,000

32 Cast-in-place Headwall/Wingwalls- 10' x 7' (canal siphon) Ea                 38 $38,500.00 $              1,463,000

33 Pipeline Adjustment/Relocation LS                   1 $14,598,000.00 $            14,598,000

34 Bridge (private access) Ea                   5 $233,750.00 $              1,168,800

CANAL CONVEYANCE COST



LUCE BAYOU INTERBASIN TRANSFER PROJECT PRELIMINARY CONSTRUCTION  COST ESTIMATE

Item No Item description Unit  Quantity Unit price  Total price

CANAL CONVEYANCE COST

35 Clearing & Grubbing (sedimentation basin area) AC                 28 $9,071.00 $                 254,000

36 Excavation & Grading (sedimentation basin area) CY          60,592 $5.00 $                 303,000

37 12" Type I Sand (sedimentation basin) SY            2,495 $20.00 $                   49,900

38 8" Concrete Lining (sedimentation basin) SY            2,646 $55.00 $                 145,500

39 Storm Water Pollution Prevention LS                   1 $1,127,000 $              1,127,000

40 Mobilization LS                   1 $3,371,000.00 $              3,371,000

 $           87,639,970

30% Contingency  $           26,291,991

Total Canal Construction Cost  $         113,931,961

23.46

 $              4,856,000

Notes & Assumptions:
1. Cost estimation based on historical material and construction costs available, including recent bid tabulations
2. Quantities based on the PER canal design
3. Assumed 6 road crossings, 19 canal siphons and 1 electrical crossing
4. Assumed two water level control gates at each proposed gate location
5. Clearing and grubbing cost was weighted based on approx. % of cleared vs. vegetated areas
6. Assumed one maintenance facility per direction from CWA
7. Chain link fences assumed at all road crossings, remaining ROW enclosed in barbed wire fence
8. Sedimentation basin area and material based on preliminary design; inflow and outflow weir concrete lined; remaining area grass lined
9. Dewatering costs are assumed to not be substantial at this time and are covered by contingency per geotechnical subconsultant
     preliminary findings
10. Line Item 33 based on 20 identified pipeline crossings, based on limited response/data received from pipeline companies in response
       to request for information
11. Mobilization was assumed to be 4% of the total cost
12. Assumed 20% of the clay lining will require transportation per geotechnical subconsultant preliminary findings

Total Cost

Total Canal Distances (miles)

Total Estimated Cost per Mile (rounded to nearest thousand $)



LUCE BAYOU INTERBASIN TRANSFER PROJECT PRELIMINARY CONSTRUCTION  COST ESTIMATE

Item No Item description Unit  Quantity Unit price Total price

1 Clearing & Grubbing Ac                      141  $         10,000.00  $            1,408,200

2 Excavation & Grading CY                 88,775  $                  5.00  $               443,900

3 Grading and Compaction of Waste Area CY               227,627  $                  2.00  $               455,300

4 108-inch Steel Pipe, Open Cut (Includes 2 separate pipes) LF                 15,520  $           1,600.00  $          24,832,000

5 108-inch Butterfly Valve & Manhole (6000' cc) Ea                          6  $       260,000.00  $            1,560,000

6 Access Manholes Ea                          6  $         20,000.00  $               120,000

7 Access Manhole for Drainage Ea                          6  $         25,000.00  $               150,000

8
Cathodic Protection System, including test stations, insulating
joints, etc. assuming electricity is available LS                          1  $       245,000.00  $               245,000

9
12" Combination Air Valve Assembly with Vent piping, Bollards
and Service Manhole, Complete in Place Ea                        18  $         50,000.00  $               900,000

10 6" Flushing Valve Assembly Ea                          8  $           3,500.00  $                 28,000

11 2" Hot Mix Asphalt Concrete (access road) Ton                 16,439  $              112.00  $            1,841,200

12 6" Stabilized Subgrade (access road) SY               107,296  $                  3.00  $               321,900

13 6% Lime (access road) Ton                   1,448  $              145.00  $               210,000

14 6" Crushed Aggregate Base (access road) SY               103,464  $                  4.27  $               441,800

15 Block Sodding SY                   6,898  $                  5.00  $                 34,500

16 Storm Water Pollution Prevention LS                          1  $       355,214.67  $               355,200

17 Mobilization LS                          1  $    1,334,000.00  $            1,334,000

 $          34,681,000
 $          10,404,300

 $          45,085,300

3.03

 $          14,880,000

Notes & Assumptions:
1. Cost estimation based on historical material and construction cost available, including recent bid tabulations
2. Valves, fittings and, manholes quantities based on the PER pipeline design
3. Cathodic protection is assumed to be 0.75% of total pipeline construction cost
4. Pipeline cost includes pipe material, delivery, installation, excavation and backfill
5. Excavation and grading reflects values for ditches and access road
6. Mobilization was assumed to be 4% of total cost

PIPELINE OPEN CUT CONVEYANCE COST

Total Cost

Total Pipeline Distance (miles)

Total estimated cost per mile (rounded to nearest thousand $)

30% Contingency

Total Pipeline Construction Cost



LUCE BAYOU INTERBASIN TRANSFER PROJECT PRELIMINARY CONSTRUCTION COST ESTIMATE

Item No Item description Unit  Quantity Unit price  Total price

1 Clearing and Grubbing AC                       20 $10,000.00 $             200,000

2 Site Grading AC                       10 $3,600.00 $               36,000

3 Storm Water Retention Pond CY                  8,300 $6.24 $               52,000

4 Storm Water Outfalls EA                         2 $41,500.00 $               83,000

5 Drainage Swale LF                  4,000 $5.00 $               20,000

6 8" Reinforced Concrete Roadway SY                  8,667 $35.00 $             303,000

7 Stabilized Subgrade (8") SY                  8,667 $3.40 $               29,000

8 6' Chain Link Fence w/ 3 Strands BW - Pump Station LF                  2,080 $20.00 $               42,000

9 6' Chain Link Fence w/ 3 Strands BW - Site Boundary LF                  7,050 $20.00 $             141,000

10 Excavation and Hauling - PS Foundation CY               25,185 $6.24 $             157,000

11 Excavation and Hauling - Roadways CY                  7,079 $6.24 $               44,000

12 Excavation and Hauling - Sediment Ponds CY               16,667 $6.24 $             104,000

13 Grading and Compaction of Fill Areas CY               43,631 $2.00 $               87,000

14 Hydromulch MSF                     170 $23.00 $                 4,000

15 Landscaping LS                         1 $10,000.00 $               10,000

16 Filter Fabric Erosion Control Silt Fence & Maintenance LF                  5,000 $3.00 $               15,000

17 Pollution Prevention - Misc. LS                         1 $5,000.00 $                 5,000

18 Pump Station Control Building SF                  4,500 $210.00 $             945,000
19 Pump Station Electrical Building SF                  2,900 $160.00 $             464,000

20 Pump Station Maintenance Building SF                  2,660 $160.00 $             426,000

21 Pump Station Foundation Slab CY                  1,704 $400.00 $             682,000

22 Pump Station Concrete Walls CY                  2,605 $650.00 $          1,693,000

23 Pump Station Concrete Top Slab CY                     625 $550.00 $             344,000

24 Pump Station Catwalks SF                       74 $550.00 $               41,000

25 Pump Station Concrete Stairs EA                         2 $4,290.00 $                 9,000

26 Pump Station Access Doors EA                         9 $5,000.00 $               45,000

27 Pump Station Hand Rails LF                  1,200 $62.00 $               74,000

28 Header Concrete Slab CY                     306 $400.00 $             122,000

29 Rip Rap at Intake Structure Bottom, 24" thick SY                     711 $124.00 $               88,000

30 Slope Protection - Rip Rap 18" thick SY                  2,667 $93.00 $             248,000

31 Pump Station Exterior Wall Waterproofing SF               23,000 $10.00 $             230,000

32 Grout at Bottom of Pump Intake Basin CY 67 $200.00 $               13,000

33 Verticle Turbine Pumps EA                         3 $893,228.00 $          2,680,000

34 Electrical Motor EA                         3 $665,332.50 $          1,996,000

35 Ball Valve with Electro-hydraulic Actuator EA                         3 $211,312.50 $             634,000

36 48" coupling with restraint rods EA                       16 $3,306.25 $               53,000

37 Air release and vacuum assembly (pumps) EA                       16 $6,037.50 $               97,000

Structural Items

Mechanical Items

CAPERS RIDGE PUMP STATION COST

Civil Items



LUCE BAYOU INTERBASIN TRANSFER PROJECT PRELIMINARY CONSTRUCTION COST ESTIMATE

CAPERS RIDGE PUMP STATION COST

Item No Item description Unit  Quantity Unit price  Total price

38 Pipe Supports (48") EA                       28 $1,500.00 $               42,000

39 48" Butterfly Valve EA                         3 $30,187.50 $               91,000

40 84" Header LS                         1 $400,000.00 $             400,000

41 108" to 84" Reducer EA                         2 $40,000.00 $               80,000

42 Air release and vacuum assembly (header) EA                         2 $24,150.00 $               48,000

43 84" Butterfly valve EA                         5 $108,675.00 $             543,000

44 Pipe Supports (84") EA                       12 $5,000.00 $               60,000

45 84" Coupling with Restraint Rods EA                         2 $7,273.75 $               15,000

46 48" Long Radius Dual Elbow EA                         8 $25,000.00 $             200,000

47 Asiatic Clam Control System LS                         1 $1,000,000.00 $          1,000,000

48 Flow Metering Station LS                         1 $590,281.04 $             590,000

49 Dual 108" Steel Pipe - Open Cut LF                     400 $1,600.00 $             640,000

50 Dual 84" Steel Pipe - Open Cut LF                     100 $1,000.00 $             100,000

51 Trash Rack (2" Bar Screen) LS                         1 $650,832.84 $             651,000

52 Trash Rack Cleaning Mechanism LS                         1 $3,201,709.00 $          3,202,000

53 Sluice Gate - 10' by 10' with Electric Actuator EA                         8 $225,000.00 $          1,800,000

54 Sluice Gate - 11' by 7' with Electric Actuator EA                         8 $225,000.00 $          1,800,000

55 Pump Station Sump with rails and hardware EA                         8 $50,000.00 $             400,000

56 Sump Hatch EA                         8 $5,000.00 $               40,000

57 Sump Piping / header LF                  1,500 $76.00 $             114,000

58 Sediment Handling - return piping LF                  1,500 $44.50 $               67,000

59 Water Well LS                         1 $200,000.00 $             200,000

60 Potable Water Tank Gal               23,000 $0.75 $               17,000

61 Potable Water Pump House SF                     500 $50.00 $               25,000

62 Process Water Pumps EA                         3 $30,000.00 $               90,000

63 Pressure Tank EA                         1 $10,000.00 $               10,000

64 Chlorination System LS                         1 $20,000.00 $               20,000

65 4" Potable Water Lines LF                  1,000 $24.20 $               24,000

66 2" Potable Water Lines LF                  1,720 $25.00 $               43,000

67 8" Sanitary Sewer Lines LF                  1,000 $28.40 $               28,000

68 Sanitary Sewer Manholes EA                         4 $2,500.00 $               10,000

69 Fire Suppression System SF                  7,160 $6.41 $               46,000

70 Fire Alarm System SF               10,060 $3.00 $               30,000

71 Septic Tank and Drain Field LS                         1 $12,250.00 $               12,000

72 Dual Post Hoist EA                         2 $18,650.00 $               37,000

73 Overhead Crane (monorail) EA                         2 $15,000.00 $               30,000

74 Automatic Gate EA                         2 $5,000.00 $               10,000

75 Miscellaneous Mechanical LS                         1 $200,000.00 $             200,000

76 Power Transformers LS 2 $1,376,320.00 $          2,753,000

77 3000 amp Main circuit Breaker LS 2 $95,634.00 $             191,000

78 TIE Circuit Breaker LS 1 $95,634.00 $               96,000

79 1900 Motor Starters LS 6 $119,542.50 $             717,000

80 5 KV station switch for facility distribution LS 2 $26,565.00 $               53,000

Electrical Items



LUCE BAYOU INTERBASIN TRANSFER PROJECT PRELIMINARY CONSTRUCTION COST ESTIMATE

CAPERS RIDGE PUMP STATION COST

Item No Item description Unit  Quantity Unit price  Total price

81 Station service and facility service transfromers LS 3 $35,420.00 $             106,000

82 Low Voltage Motor Control Center LS 1 $61,985.00 $               62,000

83 Dry type transformers LS 4 $2,656.50 $               11,000

84 5 KV  Conduit LF 3500 $18.98 $               66,000

85 600 volt conduit LF 7500 $6.33 $               47,000

86 Site Lighting Poles EA 10 $3,795.00 $               38,000

87 Instrument devices (not including flow meters) EA 20 $1,897.50 $               38,000

88 Gate operator + associated devices EA 2 $10,752.50 $               22,000

89 Pump Station Structure Lighting and Miscellanous LF 1 $28,462.50 $               28,000

90 5 KV conductors LF 11375 $7.59 $               86,000

91 600 volt conductors LF 22500 $1.27 $               28,000

92 Instrurmentation conductors LF 3800 $1.90 $                 7,000

93 Security sensors EA 40 $253.00 $               10,000

94 Miscellaneous Electrical LS 1 $300,000.00 $             300,000

95 Communciation system to CWA LS 1 $284,625.00 $             285,000

96 Pump Station Control System LS 1 $442,750.00 $             443,000

97 HMI development at CWA and Pump Station LS 1 $202,400.00 $             202,000

98 Report generation LS 1 $134,090.00 $             134,000

99 Software Development and Programming LS 1 $695,750.00 $             696,000

100 Concrete Batch Plant LS 1 $250,000.00 $             250,000

101 Construction Dewatering LS 1 $300,000.00 $             300,000

102 Pump Station Barge LS 1 $50,000.00 $               50,000

103 Cofferdam LS 1 $1,450,312.50 $          1,450,000

104 Project Remoteness Mark-up (1.5%) LS 1 $501,000.00 $             501,000

105 Mobilization & De-Mobilization (10%) LS 1 $3,340,000.00 $          3,340,000

106 Bonds & Insurance (3%) LS 1 $1,002,000.00 $          1,002,000

 $       38,243,000

30% Contingency  $       11,473,000

Total Capers Ridge Pump Station Construction Cost  $       49,716,000

Total Cost

Construction Methods

Other Items



LUCE BAYOU INTERBASIN TRANSFER PROJECT PRELIMINARY CONSTRUCTION COST ESTIMATE

Item No Item description Unit  Quantity Unit price  Total price

1 Transmission Service Tap LS 1 $2,000,000.00 $          2,000,000

2 Transmission Lines MILE 8.4 $614,000.00 $          5,158,000

3 Electrical Substation LS 1 $2,700,000.00 $          2,700,000

 $         9,858,000

30% Contingency  $         2,957,400

Total Electrical Transmission Construction Cost  $       12,815,400

Electrical Transmission

Total Cost

PUMP STATION ELECTRICAL TRANSMISSION COST
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Item No Item description Unit  Quantity Unit price  Total price

1 Clearing and Grubbing AC 2.65 $5,000.00 $           13,000

2 Site Grading AC 2.65 $3,600.00 $           10,000

3 Excavation CY 2180.00 $6.24 $           14,000

4 6" Crushed Aggregate Base (Staging Area) SY 2723.00 $9.60 $           26,000

5 8" Lime Stabilized Subgrade (Staging Area) SY 2723.00 $3.40 $             9,000

6 Storm Water Retention Pond CY 1613.00 $6.24 $           10,000

7 Storm Water Outfall Structure (24") EA 1.00 $3,000.00 $             3,000

8 Drainage Swale LF 1100.00 $5.00 $             6,000

9 8" Reinforced Concrete Paving SY 4360.00 $35.00 $         153,000

10 8" Lime Stabilized Subgrade SY 4360.00 $3.40 $           15,000

11 6' Chain Link Fence w/ 3 Strands Barbed Wire LF 1608.00 $20.00 $           32,000

12 Pollution Prevention LS 1.00 $10,000.00 $           10,000

13 Hydromulch LS 1.00 $5,000.00 $             5,000

14 Landscaping LS 1.00 $10,000.00 $           10,000

15 Miscellaneous Civil LS 1.00 $50,000.00 $           50,000

16 Vehicle Wash (including oil water separator) EA 1.00 $10,000.00 $           10,000

17 Gas/Diesel Fuel Tank (12,000 gallons) EA 1.00 $42,000.00 $           42,000

18 Gas/Diesel Fuel Pump EA 1.00 $5,000.00 $             5,000

19 Automatic Gate EA 2.00 $5,000.00 $           10,000

20 2" Potable Water Lines LF 570.00 $25.00 $           14,000

21 8" Sanitary Sewer Lines LF 300.00 $28.40 $             9,000

22 Septic Tank and Drain Field EA 1.00 $2,244.00 $             2,000

23 Natural Gas Line LF 570.00 $30.00 $           17,000

24 Dual Post Vehicle Lifts EA 3.00 $18,650.00 $           56,000

25 Overhead Bridge Crane (50 ft span - 10 ton)
2. Valves,

fittings 1.00 $72,000.00 $           72,000

26 Water Well LS                1 $200,000.00 $         200,000

27 Potable Water Tank Gal        28,171 $0.75 $           21,000

28 Potable Water Pump House SF            300 $50.00 $           15,000

29 Process Water Pumps EA                2 $20,000.00 $           40,000

30 Pressure Tank EA                1 $10,000.00 $           10,000

CANAL MAINTENANCE FACILITY

Civil Items

Mechanical Items
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Item No Item description Unit  Quantity Unit price  Total price

31 Chlorination System LS                1 $10,000.00 $           10,000

26 Fire Alarm System SF 7560.00 $3.00 $           23,000

27 Fire Suppression System SF 7560.00 $6.41 $           48,000

28 Miscellaneous Mechanical LS 1.00 $75,000.00 $           75,000

29 Canal Maint. Facility - Maintenance (36' x 166.5') SF          5,994 $150.00 $         899,000

30 Canal Maint. Facility - Office Space (36' x 43.5') SF          1,566 $200.00 $         313,000

31 Vehicle Shed SF          1,875 $50.00 $           94,000

32 Electrical (20%) LS 1.00 $470,200.00 $         470,000

33 Backup Generator (500 kW) EA 1.00 $229,957.00 $         230,000

34 Transfer Switch EA 1.00 $21,226.80 $           21,000

35 Mobilization & De-Mobilization (10%) LS 1.00 $307,200.00 $         307,000

36 Bonds & Insurance (3%) LS 1.00 $92,160.00 $           92,000

 $     3,471,000

30% Contingency  $     1,041,000

Total Maintenance Facility Construction Cost  $     4,512,000

Other Items

Total Cost

Structural Items

Electrical Items
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Table E-1  
 

 
Canal 

Station 
Q Total 

(cfs) 
W.S. Elev 

(ft) 
Flow Line 

(ft) 
Depth 

Vel 
Chnl 
(ft/s) 

 

 1  

 
124000 774 105.66 97.99 7.67 1.99 

 
123500 774 105.59 97.89 7.7 1.98 

 
123000 774 105.52 97.79 7.73 1.97 

 
122000 774 105.38 97.6 7.78 1.94 

  121827 774 105.18 97.79 7.39 3.74 
Siphon 121727 774 105.13 87.7 17.43 3.69 
  121527 774 105.03 87.7 17.33 3.69 
  121427 774 104.97 97.7 7.27 3.69 

 
121327 774 105.07 97.6 7.47 2.08 

 
120500 774 104.95 97.3 7.65 2 

 
120174 774 104.9 97.25 7.65 2 

  120074 774 104.73 97.5 7.23 3.69 
Siphon 119974 774 104.68 87.5 17.18 3.69 
  119774 774 104.58 87.5 17.08 3.69 
  119674 774 104.54 97.3 7.24 3.58 

 
119574 774 104.63 97.1 7.53 2.05 

 
119000 774 104.54 97.01 7.53 2.05 

 
118816 774 104.51 97.01 7.5 2.06 

  118716 774 104.33 97.21 7.12 3.8 
Siphon 118616 774 104.29 87.01 17.28 3.69 
  118416 774 104.18 87.01 17.17 3.69 
  118316 774 104.13 97.01 7.12 3.69 

 
118216 774 104.22 96.85 7.37 2.12 

 
118000 774 104.19 96.82 7.37 2.12 

 
117500 774 104.1 96.72 7.38 2.12 

 
117000 774 104.02 96.62 7.4 2.11 

 
116500 774 103.93 96.52 7.41 2.1 

 
115500 774 103.77 96.33 7.44 2.09 

 
115271 774 103.73 96.33 7.4 2.11 

  115171 774 103.56 96.42 7.14 3.74 
Siphon 115071 774 103.51 86.33 17.18 3.69 
  114871 774 103.4 86.33 17.07 3.69 
  114771 774 103.35 96.33 7.02 3.69 

 
114671 774 103.45 96.13 7.32 2.15 
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Table E-1  
 

 
Canal 

Station 
Q Total 

(cfs) 
W.S. Elev 

(ft) 
Flow Line 

(ft) 
Depth 

Vel 
Chnl 
(ft/s) 

 

 2  

 
114500 774 103.42 96.13 7.29 2.16 

 
113500 774 103.24 95.94 7.3 2.15 

  113419 774 103.08 96.13 6.95 3.74 
Siphon 113319 774 103.03 86.03 17 3.69 
  113119 774 102.92 86.03 16.89 3.69 
  113019 774 102.87 96.03 6.84 3.77 

 
113000 774 103 95.84 7.16 2.22 

 
112500 774 102.9 95.74 7.16 2.22 

 
111500 774 102.71 95.54 7.17 2.22 

  111394 774 102.54 95.74 6.8 3.8 
Siphon 111294 774 102.51 85.64 16.87 3.69 
  111094 774 102.4 85.64 16.76 3.69 
  110994 774 102.33 95.64 6.69 3.86 

 
110894 774 102.45 95.38 7.07 2.27 

 
110500 774 102.36 95.35 7.01 2.3 

 
110000 774 102.26 95.25 7.01 2.3 

 
109500 774 102.15 95.15 7 2.3 

 
109372 Water Level Control Gate 

  
 

109000 774 101.82 93.77 8.05 1.84 

 
108500 774 101.76 93.73 8.03 1.85 

 
108000 774 101.7 93.68 8.02 1.85 

 
107770 774 101.67 93.64 8.03 1.85 

 
107750 774 101.55 93.64 7.91 3.5 

 
107656 FM 2326 Culvert 

   
 

107650 774 101.27 93.64 7.63 3.62 

 
107630 774 101.4 93.64 7.76 1.95 

 
107500 774 101.39 93.64 7.75 1.96 

 
107000 774 101.32 93.59 7.73 1.97 

 
106980 774 101.18 93.59 7.59 3.64 

 
106940 FM 1008 Culvert 

   
 

106880 774 100.89 93.59 7.3 3.79 

 
106860 774 101.02 93.59 7.43 2.09 

 
106500 774 100.96 93.55 7.41 2.1 

 
106000 774 100.88 93.5 7.38 2.12 
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Table E-1  
 

 
Canal 

Station 
Q Total 

(cfs) 
W.S. Elev 

(ft) 
Flow Line 

(ft) 
Depth 

Vel 
Chnl 
(ft/s) 

 

 3  

 
105500 774 100.79 93.46 7.33 2.14 

 
104500 774 100.61 93.36 7.25 2.18 

 
104123 774 100.54 93.36 7.18 2.22 

  104023 774 100.37 93.41 6.96 3.71 
Siphon 103923 774 100.33 83.36 16.97 3.69 
  103723 774 100.23 83.36 16.87 3.69 
  103623 774 100.17 93.36 6.81 3.79 

 
103500 774 100.27 93.27 7 2.31 

 
103171 Water Level Control Gate 

  
 

103000 774 98.85 91.24 7.61 2.02 

 
102500 774 98.78 91.18 7.6 2.02 

 
102000 774 98.7 91.12 7.58 2.03 

 
101500 774 98.62 91.06 7.56 2.03 

 
101000 774 98.55 91 7.55 2.04 

 
100500 774 98.47 90.94 7.53 2.05 

 
100000 774 98.39 90.88 7.51 2.06 

 
99500 774 98.31 90.82 7.49 2.07 

 
99000 774 98.23 90.76 7.47 2.08 

 
98000 774 98.07 90.64 7.43 2.07 

  97873 774 97.89 90.76 7.13 3.72 
Siphon 97773 774 97.84 80.7 17.14 3.69 
  97573 774 97.73 80.7 17.03 3.69 
  97473 774 97.68 90.7 6.98 3.7 

 
97373 774 97.78 90.52 7.26 2.17 

 
97000 774 97.71 90.52 7.19 2.21 

 
96500 774 97.61 90.46 7.15 2.22 

 
96000 773 97.52 90.4 7.12 2.24 

 
95500 773 97.41 90.34 7.07 2.26 

 
95150 767 97.34 90.34 7 2.28 

 
95122 Water Level Control Gate 

  
 

95000 767 93.39 86 7.39 2.09 

 
94500 775 93.32 85.9 7.42 2.1 

 
94000 773 93.23 85.8 7.43 2.09 

 
93500 774 93.15 85.7 7.45 2.08 
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93140 774 93.1 85.62 7.48 2.07 

 
93120 774 92.95 85.6 7.35 3.76 

 
93030 FM 321 Culvert 

   
 

92970 774 92.64 85.6 7.04 3.92 

 
92950 774 92.79 85.6 7.19 2.21 

 
92500 774 92.7 85.5 7.2 2.2 

 
92000 774 92.61 85.4 7.21 2.2 

 
91500 774 92.52 85.3 7.22 2.19 

 
91000 774 92.42 85.2 7.22 2.19 

 
90500 774 92.33 85.1 7.23 2.19 

 
90000 774 92.24 85 7.24 2.18 

 
89500 774 92.15 84.9 7.25 2.18 

 
89000 774 92.06 84.8 7.26 2.17 

 
88500 774 91.97 84.7 7.27 2.17 

 
88000 774 91.87 84.6 7.27 2.17 

 
87500 774 91.79 84.5 7.29 2.16 

 
86500 774 91.61 84.3 7.31 2.15 

 
86247 774 91.56 84.3 7.26 2.17 

  86147 774 91.38 84.4 6.98 3.8 
Siphon 86047 774 91.34 74.2 17.14 3.69 
  85847 774 91.24 74.2 17.04 3.69 
  85747 774 91.15 84.2 6.95 3.71 

 
85647 774 91.21 84.1 7.11 2.24 

 
85500 774 91.18 84.1 7.08 2.26 

 
85000 774 91.08 84 7.08 2.26 

 
84500 774 90.98 83.9 7.08 2.26 

 
84000 774 90.88 83.8 7.08 2.26 

 
83500 774 90.78 83.7 7.08 2.26 

 
83000 774 90.68 83.6 7.08 2.26 

 
82500 774 90.57 83.5 7.07 2.27 

 
82000 774 90.47 83.4 7.07 2.27 

 
81500 774 90.37 83.3 7.07 2.27 

 
81000 774 90.27 83.2 7.07 2.27 

 
80500 774 90.16 83.1 7.06 2.27 
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80000 774 90.06 83 7.06 2.27 

 
79500 774 89.96 82.9 7.06 2.27 

 
79000 774 89.86 82.8 7.06 2.27 

 
78500 774 89.75 82.7 7.05 2.28 

 
78000 774 89.65 82.6 7.05 2.28 

 
77500 774 89.55 82.5 7.05 2.28 

 
77000 773 89.44 82.4 7.04 2.28 

 
76500 774 89.34 82.3 7.04 2.28 

 
76000 774 89.23 82.2 7.03 2.28 

 
75500 774 89.13 82.1 7.03 2.29 

 
75000 775 89.02 82 7.02 2.29 

 
74500 775 88.92 81.9 7.02 2.3 

 
74000 775 88.81 81.82 6.99 2.31 

 
73501 Water Level Control Gate 

  
 

73500 775 86.95 79.43 7.52 2.06 

 
73000 775 86.87 79.35 7.52 2.06 

 
72500 775 86.79 79.28 7.51 2.06 

 
72000 775 86.71 79.21 7.5 2.07 

 
71500 775 86.63 79.14 7.49 2.07 

 
71000 774 86.55 79.06 7.49 2.07 

 
70500 774 86.47 78.99 7.48 2.07 

 
70000 774 86.39 78.92 7.47 2.08 

 
69500 773 86.31 78.84 7.47 2.08 

 
69000 773 86.22 78.77 7.45 2.08 

 
68500 773 86.14 78.7 7.44 2.09 

 
68000 773 86.06 78.63 7.43 2.09 

 
67500 774 85.98 78.55 7.43 2.1 

 
67000 774 85.89 78.48 7.41 2.1 

 
66500 774 85.81 78.41 7.4 2.11 

 
66000 774 85.73 78.33 7.4 2.11 

 
65500 774 85.64 78.26 7.38 2.12 

 
65000 774 85.56 78.19 7.37 2.12 

 
64500 774 85.47 78.12 7.35 2.13 

 
64000 774 85.38 78.04 7.34 2.14 



Luce Bayou Interbasin Transfer Project  Preliminary Engineering Report 
January 2011  Appendix E 
 

Table E-1  
 

 
Canal 

Station 
Q Total 

(cfs) 
W.S. Elev 

(ft) 
Flow Line 

(ft) 
Depth 

Vel 
Chnl 
(ft/s) 

 

 6  

 
63500 774 85.29 77.97 7.32 2.14 

 
63000 774 85.21 77.9 7.31 2.15 

 
62500 774 85.12 77.82 7.3 2.16 

 
62000 774 85.03 77.75 7.28 2.17 

 
61500 774 84.93 77.68 7.25 2.18 

 
61000 774 84.84 77.61 7.23 2.19 

 
60500 774 84.75 77.53 7.22 2.19 

 
60000 774 84.65 77.46 7.19 2.21 

 
59500 774 84.56 77.39 7.17 2.22 

 
59000 774 84.46 77.31 7.15 2.23 

 
58500 774 84.36 77.24 7.12 2.24 

 
58000 774 84.26 77.17 7.09 2.26 

 
57000 774 84.05 77.02 7.03 2.29 

 
56708 774 83.99 77.02 6.97 2.32 

  56608 774 83.81 77.17 6.64 3.88 
Siphon 56508 774 83.79 67.1 16.69 3.69 
  56308 774 83.69 67.1 16.59 3.69 
  56208 774 83.61 77.1 6.51 3.97 

 
56108 774 83.72 76.88 6.84 2.39 

 
56000 774 83.69 76.88 6.81 2.4 

 
55500 774 83.57 76.8 6.77 2.43 

 
55000 774 83.44 76.73 6.71 2.46 

 
54500 774 83.31 76.66 6.65 2.5 

 
54000 774 83.17 76.59 6.58 2.54 

 
53500 774 83.03 76.51 6.52 2.58 

 
53000 774 82.87 76.44 6.43 2.63 

 
52500 774 82.71 76.37 6.34 2.69 

 
52000 775 82.54 76.29 6.25 2.76 

 
51500 775 82.35 76.22 6.13 2.84 

 
51000 762 82.26 75.25 7.01 2.26 

 
50994 Water Level Control Gate 

  
 

50500 762 81.59 73.92 7.67 1.96 

 
50000 774 81.53 73.84 7.69 1.98 

 
49500 775 81.46 73.77 7.69 1.99 
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49000 775 81.39 73.69 7.7 1.98 

 
48000 774 81.24 73.54 7.7 1.98 

 
47657 774 81.19 73.54 7.65 2 

  47557 774 81.02 73.61 7.41 3.72 
Siphon 47457 774 80.97 63.54 17.43 3.69 
  47257 774 80.86 63.54 17.32 3.69 
  47157 774 80.81 73.54 7.27 3.69 

 
47057 774 80.91 73.38 7.53 2.05 

 
47000 774 80.9 73.38 7.52 2.05 

 
46500 774 80.82 73.3 7.52 2.05 

 
46000 774 80.75 73.23 7.52 2.06 

 
45500 774 80.67 73.15 7.52 2.06 

 
45000 774 80.59 73.07 7.52 2.06 

 
44500 774 80.51 72.99 7.52 2.06 

 
44000 774 80.43 72.92 7.51 2.06 

 
43500 774 80.35 72.84 7.51 2.06 

 
42500 774 80.2 72.68 7.52 2.06 

 
42223 774 80.15 72.68 7.47 2.08 

  42123 774 79.98 72.76 7.22 3.73 
Siphon 42023 774 79.93 62.68 17.25 3.69 
  41823 774 79.82 62.68 17.14 3.69 
  41723 774 79.77 72.68 7.09 3.69 

 
41623 774 79.87 72.53 7.34 2.14 

 
41500 774 79.84 72.53 7.31 2.15 

 
41000 774 79.76 72.45 7.31 2.15 

 
40500 774 79.67 72.37 7.3 2.16 

 
40000 774 79.58 72.3 7.28 2.17 

 
39500 774 79.48 72.22 7.26 2.17 

 
39000 774 79.39 72.14 7.25 2.18 

 
38500 774 79.3 72.06 7.24 2.18 

 
38000 774 79.21 71.99 7.22 2.19 

 
37500 774 79.11 71.91 7.2 2.2 

 
37000 774 79.02 71.83 7.19 2.21 

 
36500 774 78.92 71.75 7.17 2.22 
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36000 774 78.82 71.68 7.14 2.23 

 
35500 774 78.72 71.6 7.12 2.24 

 
35000 774 78.62 71.52 7.1 2.25 

 
34500 774 78.52 71.45 7.07 2.27 

 
34000 774 78.42 71.37 7.05 2.28 

 
33500 774 78.31 71.29 7.02 2.29 

 
33000 774 78.21 71.21 7 2.31 

 
32500 774 78.1 71.14 6.96 2.33 

 
31500 774 77.87 70.98 6.89 2.36 

 
31200 774 77.8 70.98 6.82 2.4 

  31100 774 77.62 71.14 6.48 3.98 
Siphon 31000 774 77.61 60.98 16.63 3.69 
  30800 774 77.5 60.98 16.52 3.69 
  30700 774 77.41 70.98 6.43 4.01 

 
30600 774 77.54 70.52 7.02 2.29 

 
30500 774 77.52 70.52 7 2.3 

 
30472 Water Level Control Gate 

  
 

30000 774 75.76 67.71 8.05 1.84 

 
29500 774 75.7 67.64 8.06 1.84 

 
29000 774 75.64 67.56 8.08 1.83 

 
28500 774 75.58 67.48 8.1 1.82 

 
28000 774 75.53 67.4 8.13 1.81 

 
27500 774 75.47 67.33 8.14 1.81 

 
27000 774 75.42 67.25 8.17 1.8 

 
26500 774 75.36 67.17 8.19 1.79 

 
26000 774 75.31 67.1 8.21 1.78 

 
25000 774 75.21 66.94 8.27 1.76 

 
24925 774 75.2 66.94 8.26 1.77 

  24825 774 75.02 67.1 7.92 3.74 
Siphon 24725 774 74.97 57 17.97 3.69 
  24325 774 74.76 57 17.76 3.69 
  24225 774 74.71 67 7.71 3.69 

 
24125 774 74.82 66.79 8.03 1.85 

 
24000 774 74.8 66.79 8.01 1.86 
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23500 774 74.74 66.71 8.03 1.85 

 
23000 774 74.68 66.63 8.05 1.84 

 
22500 774 74.63 66.56 8.07 1.84 

 
22450 774 74.5 66.56 7.94 3.48 

 
22400 Wolf Rd. Culvert 

   
 

22380 774 74.22 66.56 7.66 3.61 

 
22360 774 74.35 66.56 7.79 1.94 

 
22000 774 74.3 66.48 7.82 1.93 

 
21500 774 74.23 66.4 7.83 1.92 

 
21000 774 74.17 66.32 7.85 1.93 

 
20500 774 74.1 66.25 7.85 1.93 

 
20000 774 74.04 66.17 7.87 1.91 

 
19000 774 73.91 66.02 7.89 1.9 

 
18715 774 73.87 66.02 7.85 1.92 

  18615 774 73.7 66.09 7.61 3.72 
Siphon 18515 774 73.65 56.02 17.63 3.69 
  18315 774 73.54 56.02 17.52 3.69 
  18215 774 73.49 66.02 7.47 3.69 

 
18115 774 73.59 65.86 7.73 1.97 

 
18000 774 73.58 65.86 7.72 1.97 

 
17500 774 73.51 65.78 7.73 1.97 

 
17000 774 73.44 65.71 7.73 1.96 

 
16500 774 73.37 65.63 7.74 1.95 

 
16000 774 73.3 65.55 7.75 1.96 

 
15960 774 73.16 65.55 7.61 3.64 

 
15860 Willy Ln. Culvert 

   
 

15810 774 72.82 65.55 7.27 3.81 

 
15770 774 72.96 65.55 7.41 2.11 

 
15500 774 72.91 65.47 7.44 2.09 

 
15000 774 72.83 65.4 7.43 2.1 

 
14000 774 72.66 65.24 7.42 2.1 

 
13649 774 72.6 65.24 7.36 2.13 

  13549 774 72.43 65.32 7.11 3.73 
Siphon 13449 774 72.38 55.24 17.14 3.69 
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  13249 774 72.28 55.24 17.04 3.69 
  13149 774 72.23 65.24 6.99 3.69 

 
13000 774 72.31 65.09 7.22 2.19 

 
12000 774 72.12 64.94 7.18 2.21 

 
11931 774 72.11 64.94 7.17 2.22 

  11831 774 71.94 65.09 6.85 3.76 
Siphon 11731 774 71.91 55.01 16.9 3.69 
  11531 774 71.8 55.01 16.79 3.69 
  11431 774 71.74 65.01 6.73 3.83 

 
11331 774 71.85 64.78 7.07 2.27 

 
11000 774 71.78 64.78 7 2.3 

 
10522 Water Level Control Gate 

  
 

10500 774 68.71 61.14 7.57 2.03 

 
10000 774 68.64 61.07 7.57 2.03 

 
9845 774 68.61 61.07 7.54 2.04 

  9745 774 68.48 61 7.48 3.45 
Siphon 9645 774 68.41 52.92 15.49 3.7 
  9445 774 68.3 52.92 15.38 3.7 
  9345 774 68.25 61.14 7.11 3.71 

 
9245 774 68.35 60.91 7.44 2.09 

 
9000 774 68.31 60.91 7.4 2.11 

 
8500 774 68.22 60.83 7.39 2.11 

 
8000 774 68.14 60.76 7.38 2.12 

 
7500 774 68.05 60.68 7.37 2.12 

 
7000 774 67.97 60.6 7.37 2.12 

 
6500 774 67.88 60.52 7.36 2.13 

 
6000 774 67.79 60.44 7.35 2.13 

 
5657 774 67.73 60.37 7.36 2.12 

 
5637 774 67.59 60.37 7.22 3.84 

 
5563 FM 2100 Culvert 

   
 

5487 774 67.28 60.37 6.91 4.01 

 
5467 774 67.43 60.37 7.06 2.27 

 
5000 774 67.34 60.29 7.05 2.28 

 
4500 774 67.23 60.21 7.02 2.29 
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4000 774 67.12 60.13 6.99 2.31 

 
3500 774 67.02 60.05 6.97 2.32 

 
3000 774 66.9 59.98 6.92 2.34 

 
2500 775 66.79 59.9 6.89 2.37 

 
2000 773 66.67 59.82 6.85 2.38 

 
1814 772 66.64 59.64 7 2.3 

 
1750 Water Level Control Gate 

  
 

1739 772 64.33 59.63 4.7 5.51 

 
1738 772 64.33 59.63 4.7 5.51 

 
1500 Outfall Pipe 

   
 

1096 772 43.5 34 9.5 2.72 

 
996 771 43.49 34 9.49 2.72 

 
995 771 43.57 34 9.57 0.9 

 
994.5 Stilling Basin 

   
 

994 771 43.49 39 4.49 1.91 

 
993 771 43.49 39 4.49 1.91 

 
923 771 43.5 38 5.5 1.6 
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